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T a m p l i f i e r  c e l l  
T h e lp e r  c e l l  
T s u p p re s s o r  c e l l
ABSTRACT
The b i o l o g i c a l  a c t i v i t y  o f  c e l l s  and  c e l l  p ro d u c ts  t h a t  
n e g a t iv e ly  r e g u la t e  th e  _in v i t r o  immune re sp o n se  o f  r a b b i t  s p le e n  
c e l l s  to  sh eep  e r y th r o c y te s  (SRBC) and d in i t r o p h e n o l  c o n ju g a te d  to  
ovalbum in  (DNP-OVA) w ere i n v e s t i g a t e d .  An jLn v i t r o  te c h n iq u e  o f  
c u l t u r i n g  s p le e n  c e l l s  and a n t ig e n  g iv in g  optimum hum oral re s p o n s e s  
was e s t a b l i s h e d  u s in g  th e  d o u b le  cham ber M arbrook sy stem  f o r  t i s s u e  
c u l t u r e  and  th e  C unningham -Szenberg p la q u e  fo rm in g  c e l l  a s s a y  
(PFC) to  d e t e c t  th e  a n t ib o d y  re s p o n s e  was u t i l i z e d  to  d e te rm in e  
th e  r e s p o n s e .  The p re s e n c e  o f  r e g u la to r y  c e l l s  and  t h e i r  p ro d u c ts  
a s  in d u c e d  by C o n can a v a lin  A (Con A) w ere  th e n  d e te rm in e d . Con A 
was added  to  s p le e n  c e l l  c u l t u r e s  a t  v a ry in g  c o n c e n t r a t i o n s . Some 
c u l tu r e s  c o n ta in e d  a n t ig e n  and th e  re s p o n s e s  w ere  d e te rm in e d  5 days 
l a t e r .  O th e r  c u l t u r e s  w ere in c u b a te d  w ith  Con A w ith o u t  a n t ig e n  
f o r  24 h o u r s ,  w ashed , and r e c u l tu r e d  i n  f r e s h  medium an  a d d i t i o n a l  
24 h o u rs  w ith o u t  th e  m ito g e n . S u p e rn a ta n t  f l u i d s  w ere c o l l e c t e d  and 
a s sa y e d  f o r  a c t i v i t y  u s in g  s p le e n  c e l l s  from  a  norm al s p le e n .  Doses 
o f  1 0 , 5 , and  1 .0  pg Con A s u p p re s se d  th e  re sp o n se  o f  s p le e n  c e l l s  
to  a n t ig e n  and  s u p e r n a ta n t  f l u i d s  from  Con A s t im u la te d  c e l l s  a l s o  
w ere s u p p r e s s iv e .  The s u p p re s s io n  was n o t  a n t ig e n  s p e c i f i c  n o r  was 
th e r e  any d i f f e r e n c e  i n  i t s  e f f e c t  on p rim a ry  o r  se c o n d a ry  re s p o n se s  
to  a n t ig e n  in v i t r o . The s u p p re s s iv e  s u p e r n a ta n t  f l u i d  (SSF) was
x l i i
d e te c te d  w i th in  6  to  12 h o u rs  o f  th e  a d d i t io n  o f  Con A to  c u l tu r e  
and co u ld  be p ro d u ced  fo llo w in g  a s  l i t t l e  a s  3 h o u rs  in c u b a t io n  o f  
m ito g en  and c e l l s .  I t  p ro v ed  s t a b l e  when s to r e d  a t  -20°C  f o r  s h o r t  
p e r io d s  o f  tim e , b u t  when t e s t e d  a f t e r  2 to  3 m onths s to r a g e  th e  
a c t i v i t y  o f  th e  s u p e rn a ta n t  f l u i d s  became e n h a n c iv e .
An ex am in a tio n  o f  th e  c e l l s  r e s p o n s ib le  f o r  SSF p ro d u c t io n  and 
c h a r a c t e r i z a t i o n  o f  th e  c e l l u l a r  s i t e  upon w hich SSF a c t s  was th e n  
made u s in g  an im a ls  o f  t h e i r  lym phoid c e l l  p o p u la t io n  com prom ised in  
th e  fo llo w in g  w ays: a d u l t  thym ectom y, ir i v i t r o  t r e a tm e n t  w ith  a n t i
thym ocyte gamma g lo b u l in  (ATGG) and com plem ent, f r a c t i o n a t i o n  o f  
s p le e n  c e l l s  in t o  a d h e re n t  and n o n a d h e re n t c e l l  f r a c t i o n s  (AD and  NA, 
r e s p e c t iv e ly )  by p a s sa g e  o v e r  p l a s t i c ,  o r  u s in g  c e l l s  o b ta in e d  from  
th e  s p le e n ,  m e s e n te r ic  lymph n o d e , o r  thym us. The c e l l  p ro d u c in g  
SSF was s e n s i t i v e  to  th e  e f f e c t s  o f  a d u l t  thymectomy and in  v i t r o  
t r e a tm e n t  w ith  ATGG and was found  in  s p le e n  and thymus b u t  n o t  lymph 
node c e l l  c u l t u r e s .  I t  was p ro d u ced  by f r a c t i o n a t e d  c e l l s  o n ly  when 
th e y  (AD + NA) w ere  c u l tu r e d  to g e th e r ,  b u t  n o t when th e  a d h e re n t 
f r a c t i o n  had b een  p r e t r e a t e d  w ith  ATGG. SSF e x e r te d  i t s  s u p p re s s in g  
e f f e c t  on a  d i s t i n c t l y  d i f f e r e n t  c e l l ,  i n s e n s i t i v e  to  a d u l t  thymectomy 
o r  ATGG p lu s  com plem ent. ATGG t r e a t e d  AD c e l l s  p r e in c u b a te d  w ith  
SSF s u p p re s se d  th e  hum oral PFC re sp o n se  o f  c u l tu r e s  b u t  NA c e l l s  
t r e a t e d  s im i l a r l y  d id  n o t .
When th e  r e g u la to r y  r o l e  o f  th e  c e l l  i n  th e  AD f r a c t i o n  was 
examined,NA c e l l s  from  norm al s p le e n s  c o n s i s t e n t ly  re sp o n d ed  to  SRBC 
b e t t e r  th a n  u n s e p a ra te d  c e l l s .  The enhanced  re sp o n se  was removed when 
AD c e l l s  w ere added b ack  in  in c r e a s in g  num ber. T rea tm e n t o f  AD
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w ith  ATGG b u t  n o t ATGGl  ( l i v e r  c e l l  a b so rb e d ) p a r t i a l l y  removed 
th e  s u p p re s s iv e  a c t i v i t y  o f  AD c e l l s .
F in a l ly  t r e a tm e n t  o f  no rm al s p le e n  c e l l s  w ith  ATGG o r  h ig h  
d i l u t i o n s  o f  w hole ATS a l s o  e l e v a te d  th e  re s p o n s e ,  w h ereas  low 
d i l u t i o n s  o f  ATS e l im in a te d  th e  re sp o n se  e n t i r e l y .
Thus th e  r e s u l t s  s u g g e s t  th e  p o s s ib le  e x is te n c e  o f  two c e l l  
s u b p o p u la t io n s  w ith  th e  p o t e n t i a l  to  become s u p p r e s s iv e ,  nam ely , 
a  s p le n i c  a d h e re n t  T ~ c e l l  and  th e  non-T  a d h e re n t  c e l l  p o s s ib ly  th e  
m acrophage. The a d h e re n t  non T - c e l l  i s  a l s o  im p l ic a te d  in  th e  
s u p p re s s io n  c a u se d  by SSF as th e  s i t e  th ro u g h  w hich  th e  hum oral 
r e s p o n s e  i s  s u p p re s s e d . F in a l ly  i n d i r e c t  e v id e n c e  i s  p r e s e n te d  w hich 
s u g g e s ts  b o th  f u n c t io n a l  and p h y s ic a l  h e te r o g e n e i ty  in  th e  m acrophage 
p o p u la t io n  found  i n  th e  r a b b i t  s p le e n .
C h a p te r  1 
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I n t r o d u c t io n
The c h a r a c t e r i z a t i o n  o f  th e  immune re sp o n se  e v o lv e d  from  s im p le  
d e te c t io n  te c h n iq u e s  d e s ig n e d  to  show th e  p re s e n c e  o f  c i r c u l a t i n g  
a n t ib o d ie s  to  an a n a ly s i s  o f  th e  v a r io u s  c e l l u l a r  and  m o le c u la r  
com ponents and t h e i r  i n t e r a c t i o n s  d u r in g  th e  immune re s p o n s e .  R ecen t 
p ro g re s s  has  p e rm i t te d  th e  a l l o c a t i o n  o f  com peten t lym phocy tes in t o  
two m a jo r s u b p o p u la t io n s :  thymus d e r iv e d  ( T - c e l l s )  and  b u r s a  o r
b u r s a l  e q u iv a le n t  d e r iv e d  ( B - c e l l s )  c e l l s .  D if f e r e n c e s  be tw een  th e s e  
two p o p u la t io n s  e x te n d  beyond th e  m ic ro en v iro n m en ts  w hich  c o n t r i b u te  
to  t h e i r  d i f f e r e n t i a t i o n  and m a tu ra t io n  in t o  im munocom petent c e l l s .
F u n c t io n a l ly ,  th e  B - c e l l  i s  a  r e s t i n g  lym phocyte w h ich , when 
a p p r o p r ia te ly  s t im u la t e d ,  d e v e lo p s , th ro u g h  a  s e r i e s  o f  d i f f e r e n -  
t i a t l v e  s t e p s ,  in to  an end c e l l ,  th e  p la sm a c e l l ,  w hich  s y n th e s iz e s  
and s e c r e t e s  a n tib o d y  i n t o  th e  c i r c u l a t i o n .  A n tibody  c o n ta in s  un ique  
r e a c t iv e  s i t e s  w ith  an amino a c id  seq u en ce  w hich  c o n t r i b u te s  to  
a  c o n f ig u r a t io n  i n  th e  r e a c t iv e  s i t e  and a llo w s  th e  m o lecu le  to  
b in d  s p e c i f i c i a l l y  t o  th e  a n t ig e n  w hich  p rov o k ed  th e  d i f f e r e n t i a t i v e  
e v e n t .  The a b i l i t y  o f  th e  B - c e l l  to  re c o g n iz e  and re sp o n d  to  a 
s p e c i f i c  m o le c u la r  s t r u c t u r e  ( a n t ig e n )  i s  d i c t a t e d  by a  r e s t r i c t i o n  
in  i t s  c a p a c i ty  to  p ro d u ce  a n tib o d y  a g a i n s t  any s t r u c t u r e  im posed 
by w hat i s  known a s  c lo n a l  s e l e c t i o n .  In  o th e r  w o rd s , d u r in g  th e  
e v e n ts  le a d in g  to  th e  c e l l s '  a c q u i s i t i o n  o f  im munocom petence, i t s  
a b i l i t y  to  re c o g n iz e  and r e a c t  w ith  a n t ig e n  i s  l i m i t e d  to  o n ly  a  
few c l o s e l y  r e l a t e d  a n t ig e n ic  d e te rm in a n ts  ( c lo n a l  s e l e c t i o n ) . The 
T - c e l l  l ik e w is e  p o s s e s s e s  s i m i l a r  r e s t r i c t i o n s  on i t s  i n t e r a c t i o n  w ith  
a n t ig e n  b u t  i t  f u n c t io n s  im m u n o lo g ica lly  in  y e t  a n o th e r  m a n if e s ta t io n
o f  th e  immune sy s te m , i . e .  c e l l  m e d ia te d  im m unity (d e la y e d - ty p e  
h y p e r s e n s i t i v i t y ,  c y to to x ic  o r  k i l l e r  c e l l s ,  a l l o g r a f t  o r  t r a n s ­
p l a n t a t i o n  r e a c t i o n s ) . T - c e l l s  a l s o  fu n c t io n  in  th e  c o o p e ra tiv e  
i n t e r a c t i o n  t h a t  o c c u rs  p r i o r  to  a n t ig e n  in d u ced  B - c e l l  d i f f e r e n t i a t i o n  
and  p r o l i f e r a t i o n .
E x am in a tio n  o f  th e  f u n c t io n a l  and p h y s ic a l  c h a r a c t e r i s t i c s  o f  th e  
lym phoid c e l l s  w i th in  each  p o p u la t io n  have a llo w ed  f u r t h e r  su b ­
d iv i s i o n ,  and p ro v id e d  th e  e x p e r im e n ta l b a s i s  f o r  th e  e x a m in a tio n  
o f  th e  r o l e  f o r  th e  v a r io u s  s u b p o p u la tio n s  in  th e  developm ent 
and r e g u la t io n  o f  th e  immune re s p o n s e . T h is h a s  b een  e s p e c i a l l y  
t r u e  f o r  th e  c e l l s  c o m p ris in g  th e  T - c e l l  p o p u la t io n ,  s in c e  i t  i s  
now re c o g n iz e d  t h a t  two b a s ic  r e g u la to r y  c e l l s  d e v e lo p : th e  T
s u p p re s s o r  c e l l  and th e  T h e lp e r  c e l l .  A c tu a l ly ,  th e s e  e x p re s s io n s  
o f  f u n c t io n s  a r e  n o t n e c e s s a r i l y  l i m i t e d  to  one ty p e  o f  T - c e l l  b u t  
may w e l l  depend upon th e  c o n d i t io n s  o f  th e  re sp o n se  and th e  l i m i t a t i o n s  
o f  th e  a s s a y .
The l i t e r a t u r e  su rv e y  p r e s e n te d  below  i s  in te n d e d  to  sum m arize 
th e  c u r r e n t  e x p e r im e n ta l  e v id e n c e  c o n c e rn in g  th e  im m u n o lo g ica lly  
r e a c t i v e  c e l l s  in  th e  r a b b i t ,  th e  e v e n ts  t h a t  o c c u r  d u r in g  th e  
hum oral re sp o n s e  in  v iv o  and  i n  v i t r o  and th e  c o n t r o l  o f  r e g u la to r y  
m echanism s p r e s e n t  i n  o th e r  an im a l sy stem s and  how th e y  r e l a t e  
to  th e  r a b b i t .
P e r l p h e r a l i z a t i o n  o f  T and B c e l l s
An a n a ly s i s  o f  th e  c e l l u l a r  i n t e r a c t i o n s  i n  th e  immune re s p o n se  
i n  v iv o  o r  i n  v i t r o  m ust u t i l i z e  a  m ethod o r  te c h n iq u e  w hich  a llo w s  
th e  i n v e s t i g a t o r  to  i d e n t i f y  th e  c e l l s  in v o lv e d .  The u se  o f  c e l l u l a r
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m arkers  h as  a llo w e d  th e  d iv i s io n  o f  r a b b i t  lym phocy tes I n to  two 
s u b p o p u la t io n s .  The b u r s a l  e q u iv a le n t  c e l l  ( B - c e l l )  i s  d e r iv e d  
from  p r e c u r s o r  c e l l s  i n  th e  bone marrow (O zer and Waksman, 1970; 
L an d ry , 1975; A rn o ld , 1975) w hich  m ig ra te  to  th e  a p p e n d ix , dome 
and co ro n a  a r e a  (Waksman e t  a l . ,  1973; C a lk in s  e t  a l . ,  1975) and 
a c q u i r e  th e  a b i l i t y  to  s e e d  p e r ip h e r a l  lym phoid  t i s s u e s  (C a lk in s  
e t  a l . ,  1975; D o nnelly  and S u s s d o r f ,  1975) a s  im m unocom petent 
p r e c u r s o r s  to  a n tib o d y  fo rm ing  p lasm a c e l l s .  The thymus d e r iv e d  
c e l l  i s  a l s o  d e r iv e d  from  bone marrow p r o g e n i to r s  w hich m ig ra te  
in t o  th e  c i r c u l a t i o n  and th e n  to  th e  thym ic t i s s u e s  (Owen and H i t t e r ,  
1 9 6 9 ). H ere th e y  m a tu re , p ro b a b ly  in f lu e n c e d  by thym ic horm ones 
e l a b o r a te d  by e p i t h e l i a l  c e l l s  (W aksal e t  a l . ,  1975) and se e d  th e  
p e r ip h e r a l  lym phoid t i s s u e s  becom ing thym ic d e r iv e d  c e l l s  ( T - c e l l s ) . 
Some e v id e n c e  e x i s t s  w hich  in d i c a t e s  t h a t  th e  thymus c o n tin u e s  
to  in f lu e n c e  p e r ip h e r a l  T - c e l l s  (S tu tm an , 1975 ; A sherson  e t  a l . ,
1 9 7 6 ).
The m acrophage a l s o  o r i g i n a t e s  i n  th e  bone m arrow . I t  i s  d e r iv e d  
from  p r o g e n i to r  c e l l s  found  in  th e  h em o p o etic  t i s s u e s  o f  th e  bone 
marrow (Volkman and Gowans, 1965; van F u r th  and Cohn, 1 9 6 8 ) . The 
m acrophage p r e c u r s o r  c e l l  d i f f e r e n t i a t e s  i n t o  a  p r o l i f e r a t i n g  c e l l ,  
th e  prom onocyte w hich  can  b e  i s o l a t e d  jLn v i t r o  (van  F u r th  and 
D ie s s e lh o f f -d e n  D ulk , 1 9 7 0 ). The p rom onocyte d i f f e r e n t i a t e s  in t o  
th e  m onocyte, w hich i s  a  n o n -d iv id in g  c e l l  u n d e r no rm al s te a d y  
s t a t e  c o n d i t io n s ,  and th e n  m ig ra te s  i n t o  th e  p e r ip h e r a l  b lo o d  
(van F u r th ,  e t  a l . ,  1 9 7 0 ). U nder no rm al c o n d i t io n s  th e  m onocyte 
le a v e s  th e  c i r c u l a t i o n  and  e n t e r s  th e  t i s s u e s ,  w here i s  i s  a c t i v e l y  
p h a g o c y tic  and i s  c a l l e d  a m acrophage (van F u r th ,  1 9 7 0 ).
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In  V itro  C u ltu re  T echn iques
I n  th e  c u r r e n t  e x p e r im e n ta l l i t e r a t u r e ,  many o f  th e  r e p o r t s  
employ in  v i t r o  te c h n iq u e s  w hich  a l lo w  th e  i n v e s t i g a t o r  some c o n t r o l  
o v e r  th e  v a r i a b le s  in f lu e n c in g  th e  immune sy stem  un d er s tu d y .
Where once th e  r a b b i t  was th e  an im al m odel o f  c h o ic e  b e c a u se  o f  
i t s  r e l a t i v e l y  l a r g e  s i z e  and e a s e  o f  h a n d l in g ,  th e  mouse c u r r e n t ly  
i s  th e  an im al o f  c h o ic e  f o r  many r e s e a r c h e r s . T h is  r e f l e c t s  to  
a  l a r g e  e x t e n t ,  th e  a v a i l a b i l i t y  o f  g e n e t i c i a l l y  d e f in e d  s t r a i n s  and 
th e  r e p r o d u c i b i l i t y  o f  th e  immune re s p o n s e  i n  v iv o  and i n  v i t r o .
D uring  th e  p a s t  15 y e a r s  o r  so  a  num ber o f  te c h n iq u e s  have b e e n  
d ev e lo p ed  w hich  a llo w  th e  s tu d y  o f  lym phoid  t i s s u e s  and  t h e i r  
c a p a c i ty  t o  re sp o n d  to  v a r io u s  s t i m u l i  i n  v i t r o . T hese sy stem s  w ere 
d ev e lo p ed  w ith  th e  mouse sy stem  f o r  th e  re a s o n s  m en tioned  ab o v e .
In  a c l a s s i c  p a p e r  on th e  i n  v i t r o  immune re s p o n s e ,  M is h e ll  and 
D u tto n  (1967) d e s c r ib e d  a  te c h n iq u e  f o r  th e  i n  v i t r o  c u l tu r e  o f  
mouse s p le e n  c e l l s  i n  c u l t u r e  medium su p p lem en ted  w ith  v a r io u s  
amino a c i d s ,  v ita m in s  and  serum . S in g le  c e l l  s u sp e n s io n s  w ere  p la c e d  
in  s m a ll  n o n to x ic  p l a s t i c  p e t r i  d i s h e s ,  g e n t ly  a g i t a t e d  a t  37°C 
i n  10% CO2  and fe d  a n u t r i t i o n a l  c o c k t a i l  d a i l y .  They d is c o v e re d  
t h a t  c e l l s  c u l tu r e d  i n  t h i s  m anner p ro d u ced  s p e c i f i c  a n tib o d y  re sp o n se  
a g a i n s t  sh eep  re d  b lo o d  c e l l s  (SRBC), m easured  by  th e  p la q u e  fo rm ing  
c e l l  (PFC) a s s a y .  The in  v i t r o  PFC re s p o n se  was d ep en d en t upon b o th  
s p le e n  c e l l  d e n s i ty  and SRBC c o n c e n t r a t io n .  B oth k l n e t i c a l l y  and 
q u a l i t a t i v e l y  th e  IgM and IgG re s p o n s e s  fo llo w e d  th e  in  v iv o  
re sp o n s e  p a t t e r n  se e n  in  i n t a c t  m ice . T h a t same y e a r ,  M arbrook 
(1967) d e s ig n e d  an a l t e r n a t e  m ethod o f  c u l t u r e .  In  h i s  te c h n iq u e ,
6
th e  s p le e n  c e l l - a n t i g e n  s u sp e n s io n  was p la c e d  in  a  s m a ll  cham ber 
o v e r  a d i a l y s i s  membrane, and th e  cham ber was im m ersed in  a  l a r g e r  
f l a s k  c o n ta in in g  t i s s u e  c u l tu r e  medium. The medium in  th e  f l a s k  
s e rv e d  a s  a  r e s e r v o i r  w hich  e l im in a te d  th e  re q u ire m e n t f o r  d a i ly  
su p p le m e n ts , and a l s o  th e  M arbrook v e s s e l s  w ere  in c u b a te d  i n  a 
s t a t i o n a r y  f a s h io n .  C lic k  e t  a l .  (1972) m o d if ie d  th e  M is h e ll  and 
D u tto n  te c h n iq u e  w ith  th e  a d d i t io n  o f  n u c le ic  a c i d s ,  t h e i r  p r e c u r s o r s  
and 2 -m e rc a p to e th a n o l to  th e  medium, w hich  a llo w e d  them  to  e l im in a te  
d a i ly  fe e d in g s  and g e n t le  r o c k in g .  The a n t ig e n ,  SRBC was u se d  i n  each  
o f  th e s e  s tu d i e s  and th e  c e l l s  w ere  exam ined f o r  PFC l e v e l s .  B a s ic a l ly  
th e  PFC a s sa y  ( J e m e ,  1965) em ploys a  s u s p e n s io n  o f  s p le e n  c e l l s  
and SRBC's i n  s o f t  a g a r ,  w hich  i s  m ixed and p o u red  on a  f l a t  
s u r f a c e .  Complement i s  added  and  th e  p la q u e s  a r e  d e v e lo p e d , and 
show up as  a  c l e a r in g  a round  th e  a n tib o d y  p ro d u c in g  c e l l .  A n o th er 
PFC te c h n iq u e  th a t  i s  w id e ly  u sed  i s  th e  Cunningham , S zen b erg  (1968) 
l i q u i d  m ono layer te c h n iq u e  in  w hich  a  l i q u i d  s u s p e n s io n  o f  c e l l s ,  
a n t ig e n  and com plem ent a r e  added to  s m a ll  cham bers w h ich  a r e  f i l l e d
by c a p i l l a r y  a c t i o n .
*
I n  V i t ro  Immune R esponse o f  th e  R a b b i t .
R e c e n tly  th e r e  h a s  b een  an  in c r e a s e d  i n t e r e s t  in  th e  r a b b i t  a s  an i n  
v i t r o  m odel o f  th e  immune re s p o n s e .  Of th e  num erous s tu d ie s
t
r e p o r te d  in  th e  l i t e r a t u r e ,  two have p ro v id e d  m ost o f  th e  i n s i g h t  
' tow ard  s u c c e s s f u l  c u l t u r e  o f  r a b b i t  lym phoid c e l l s  (Redelm an e t  a l . ,
1975; M etzger e t  a l . , 1 9 7 7 ). A t th e  tim e  th e  r e s u l t s  o f  th e s e  
i n v e s t i g a t i o n s  w ere  r e p o r te d  i n  th e  l i t e r a t u r e ,  many o f  th e  same 
f in d in g s  w ere  o b se rv e d  i n  e x p e rim e n ts  p e rfo rm ed  in  o u r l a b o r a to r y ,  
and a r e  p r e s e n te d  in  th e  ap p en d ix  o f  t h i s  r e p o r t .
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Redelman e t  a l .  (1975) u sed  M ls h e l l  and D u t to n 's  te c h n iq u e  and 
M etzger e t  a l .  (1977) u sed  M arbrook cham bers and  r e p o r te d  s i m i l a r  
f in d in g s  w ith  r e s p e c t  to  th e  i n  v i t r o  p rim a ry  and  se c o n d a ry  
re s p o n s e s  o f  r a b b i t  s p le e n  c e l l s .  U nder o p tim a l c o n d i t io n s  th e  
p rim ary  PFC re sp o n se  to  SRBC was low , 6 0 0 -1 ,0 0 0  R F C /c u ltu re  o f  5X10® 
norm al r a b b i t  s p le e n  c e l l s  (Redelm an e t  a l . ,  1 9 7 5 ) , com pared to  
9 ,7 5 0 -1 2 ,1 7 5  P F C /c u ltu re  f o r  n o rm al DBA mouse s p le e n  c e l l s  (Kamo 
e t  a l . ,  1 9 7 6 ). I t  was shown t h a t  n o rm a l, n o n s t im u la te d  r a b b i t  s p le e n  
c e l l s  p ro d u ced  s p e c i f i c  anti-SR B C  PFC (100 to  300 P F C /c u ltu re )  
w ith o u t  a n t ig e n ,  i . e .  sp o n ta n e o u s  a n tib o d y  fo rm a t io n .  The serum  
s o u rc e  ( t i s s u e  c u l tu r e  su p p lem en t) h a s  b een  im p l ic a te d  f o r  p ro v id in g  
th e  s t im u la to r y  a c t i o n ,  w hich  m ig h t be  due to  e i t h e r  m ito g en s 
p r e s e n t  i n  th e  t o t a l  c a l f  su p p lem en t (M etzg e r e t  a l . ,  1 9 7 7 ), o r  
th e  p re s e n c e  o f  c r o s s - r e a c t i n g  a n t ig e n  (T h e is  and  T h o rb eck e , 1970; 
M L shell and  D u tto n , 1 9 6 7 ). S econdary  i n  v i t r o  re sp o n se  showed lo w er 
l e v e l s  o f  sp o n ta n e o u s  P F C 's and th e  a n t ig e n  in d u c e d  PFC re sp o n s e  
f o r  p rim ed  s p le e n  c e l l s  w ere  1 0 0  tim es  g r e a t e r  th a n  norm al c u l tu r e s  
w ith  a  s h o r t e r  la g  p e r io d  (Redelm an e t  a l . ,  1 9 7 5 ), and th e  k i n e t i c s  
o f  th e  re s p o n s e  w as o f  th e  same r a t e  a s  th e  p rim a ry  re s p o n s e .
S u rfa c e  M arkers of. R a b b it C e l ls  In v o lv e d  i n  th e  Immune R esp o n se .
S u rfa c e  m ark e rs  w hich  have b een  s u c c e s s f u l ly  u sed  to  i d e n t i f y  
th e  v a r io u s  c e l l  ty p e s  in c lu d e :  1 ) d i f f e r e n t i a t i o n  a n t ig e n s
a c q u i r e d  d u r in g  o n to g e n y , 2) s u r f a c e  im m u n o g lo b u lin s , 3) p re se n c e  
o f  v a r io u s  r e c e p to r s  f o r  a n t ig e n ,  a n t ib o d y , a c t i v a t e d  com plem ent 
frag m e n ts  and m ito g en  r e s p o n s e s ,  4) d e n s i ty  g r a d ie n t  l o c a t io n  and 
5) a d h e re n c e  to  v a r io u s  i n e r t  s u r f a c e s .
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B - c e l l .
Chou e t  a l .  (1977) r e c e n t ly  showed th e  e x i s te n c e  o f  a  membrane 
a n t ig e n  on B - c e l l s  n o t found on thym ocy tes o r  T - c e l l s .  T hus, 
when m ixed w ith  t h e i r  a n t is e ru m  (w hich was c y to to x ic )  th e  a b i l i t y  
o f  t r e a t e d  c e l l s  to  re sp o n d  to  B - c e l l  m ito g en s  was i n h i b i t e d .  A 
s i m i l a r  s p e c i f i c  a n t l - B  s e r a  was d e v e lo p ed  by  D onnelly  and S u ssd o rf  
(1 9 7 5 ).
C l a s s i c a l l y ,  as i s  th e  c a s e  f o r  th e  m urine sy stem  ( B e l l  and 
W ig z e ll ,  1977) th e  m arker f o r  th e  a d u l t  r a b b i t  B - c e l l s  i s  th e  p re s e n c e  
o f  s u r f a c e  im m unoglobulins ( s lg )  w hich  can  be  d e te c te d  by immuno­
f lu o re s c e n c e  (Haywood e t  a l . , 1977; P e r n is  e t  a l . , 1 9 7 0 ), d e te n t io n  
in  a n t i - r a b b i t  Ig  colum ns (B e l l  and W ig z e ll ,  1 9 7 7 ) , d i r e c t  r o s e t t e s  
(W ilson  e t  a l . ,  1976; M o lin e ro  and D ray , 1 9 7 4 ), and w ith  th e  a d d i t io n  
o f  a n t i - r a b b i t  I g  w hich  can  in d u c e  b l a s t  t r a n s f o r m a t io n  (Shek e t  a l . ,  
1976; S e l l  and S h ep p a r, 1973; Sheppard  e t  a l . ,  1 9 7 6 ). A n o th e r B - c e l l  
m arker t h a t  h as  been  u se d  i s  th e  r e c e p to r  f o r  a  com plem ent component 
C 3  (E lfe n b ie n  e t  a l . ,  1973; E lf e n b ie n  and  R o sen b erg , 1 9 7 3 ).
E lfe n b e in  e t  a l .  (1973) found t h a t  w h ile  n e o n a ta l  r a b b i t  lym phoid 
t i s s u e  p o s se s s  low l e v e l s  o f  s l g ,  45% o f  th e  s p le e n  lym phoid  c e l l s  
w ere p o s i t i v e  f o r  th e  0 * 3  r e c e p to r  and t h i s  l e v e l  was m a in ta in e d  in t o  
a d u lth o o d  a t  w hich  tim e th e  p e rc e n ta g e s  o f  s lg + and  C '^  c e l l s  w ere 
a t  th e  same l e v e l  (50 to  60%). M ito g e n s, s p e c i f i c  f o r  r a b b i t  B - c e l l s  
in c lu d e  pneum ococcal p o ly s a c c h a r id e  s i l l ,  l i p i d  A -bov ine  serum  
a lb u m in , and a  w a te r - s o lu b le  m ito g en  e x t r a c t e d  from  N o c a rd ia  o p aca  
(Shek e t  a l . ,  1976) have a l s o  been  u sed  to  d e t e c t  th e  p re s e n c e  o f  th e  
a n tib o d y  fo rm ing  p r e c u r s o r .
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B - c e l l s  i n  th e  r a b b i t  a p p e a r  d i f f e r e n t  from  th e  mouse B - c e l l  
in  t h a t  th e y  a r e  m a rg in a l ly  r e s p o n s iv e  to  l ip o p o ly s a c c h a r id e  (LPS)
(Shek e t  a l , ,  1976; Bona, 1976; S e l l  e t  a l . ,  1 9 7 5 ), w hich i s  a  p o w erfu l 
m itogen  f o r  B - c e l l s  i n  th e  mouse sy s te m . I t  a p p e a rs  th e y  la c k  
r e c e p to r  w hich i s  a l s o  a b s e n t  on B - c e l l s  o f  LPS-  C3 H/HeJ m ice 
(Bona, 1 9 7 6 ). R a b b it B - c e l l s  a l s o  d i f f e r  from  mouse B - c e l l s  d u r in g  
o n to g en y . The s u r f a c e  m arkers  ( s l g  and C ' 3  r e c e p to r )  and f u n c t i o n a l  
r e a c t i v i t y  a p p e a r  on r a b b i t  B - c e l l s  i n  an  a sy n ch ro n o u s fa s h io n  
(E lfe n b ie n  e t  a l . ,  1 9 7 3 ).
T - c e l l s .
The s u r f a c e  m arke r u sed  to  i d e n t i f y  thym ocy tes and  p e r ip h e r a l i z e d  
T - c e l l s  i s  d e te c te d  w ith  x en o g e n ic  a n t i s e r a  (a n ti th y m o c y te  sera-A TS) 
w hich c o n ta in s ,  a f t e r  a p p r o p r ia te  a b s o r p t io n ,  a n tib o d y  a c t i v i t y  
s p e c i f i c  f o r  thym ic d i f f e r e n t i a t i o n  a n t ig e n s .
T - c e l l  d i f f e r e n t i a t i o n  a n t ig e n s  h av e  b een  d e m o n s tra te d  by :
1) c y t o to x ic i t y  s tu d i e s  (F an g o r e t  a l . ,  1972 ; Redelman e t  a l . ,  1976; 
F r a d e l i z i  e t  a l . ,  1 9 7 3 ) , 2) f lu o re s c e n c e  (R ed z ik  e t  a l . ,  1 9 7 5 ),
3) r o s e t t e  te c h n iq u e s  (D o n n e lly  and S u s s d o r f ,  1975; W ilson  e t  a l . , 
1 9 7 6 ), 4) b lo c k in g  th e  i n  v i t r o  s y n th e s i s  o f  a n tib o d y  (Redelm an e t  a l . ,  
1976) and 6 ) s u p p re s s io n  in  v iv o  o r  i n  v i t r o  (Redelm an e t  a l . ,  1976) 
o f  th e  immune re s p o n se  as m e d ia te d  by T - c e l l s .
The s p e c i f i c i t y  o f  r a b b i t  a n t ith y m o c y te  serum  i s  d e te rm in e d  to  
a  c e r t a i n  e x t e n t  by th e  m ethods u sed  f o r  im m u n iza tio n  and a b s o rp t io n  
a s  p o in te d  o u t by Redelman e t  a l .  (1976) who n o te d  d i f f e r e n c e s  i n  
th e  p e r c e n t  d i s t r i b u t i o n  o f  T - c e l l s  d e te c te d  by th e  a n t i  r a b b i t  
thym ocyte lym phocyte a n t ig e n  serum  (RTLA) ( F r a d e l i z e  e t  a l . ,  1973)
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and t h e i r  p r e p a r a t io n  and co n c lu d ed  t h a t  th e r e  may b e  two o r  more 
T - c e l l  s p e c i f i c  m a rk e rs : one w ould  b e  th e  r a b b i t  thymus lym phocyte
a n t ig e n  p r e s e n t  on a l l  th y m o cy te s , few bone marrow T - c e l l s  and  m ost 
s p le e n  and lymph node T - c e l l s .  A second  T - c e l l  m ark e r th ey  hypo­
th e s i z e d  w ould  e x i s t  on some th y m o c y te s , a l l  bone marrow T - c e l l s ,  
m ost s p le e n  c e l l s  p o s i t i v e  f o r  RTLA and a  few w ith  no RTLA a n t ig e n .
O th e r  T - c e l l  m ark e rs  w hich have b een  u sed  in c lu d e  th e  a b i l i t y  
o f  r a b b i t  T - c e l l s ,  l i k e  th o s e  in  th e  mouse ( J u l iu s  e t  a l . ,  19 7 3 ), 
to  p a s s  th ro u g h  columns o f  n y lo n  w o o l, w hich r e t a i n  B - c e l l s ,  PFC 
and m acrophages (Redelm an e t  a l . ,  1 9 7 6 ), and t h e i r  re s p o n s iv e n e s s  
to  th e  c l a s s i c a l  m urine  T - c e l l  m ito g e n s , C o n can av a lin  A (Con A) 
(F angor e t  a l . ,  1972; S heppard  e t  a l . ,  1 9 7 6 ), and p h y to h e m a g g lu tin in  
(PHA) (S h ep p ard  e t  a l . ,  1 9 7 6 ). I t  h a s  been  r e p o r te d  t h a t  T - c e l l s  
i n  th e  p e r ip h e r a l  b lo o d  o f  r a b b i t s  p o s s e s s  s l g  ( S e l l  and S hep p ard , 
1973; S heppard  e t  a l . ,  1976) b u t  o th e r s  h av e  n o t b e e n  a b le  to  
c o n firm  s l g  T - c e l l s  e i t h e r  i n d i r e c t l y  ( B e l l  and  W ig z e ll ,  1977) w ith  
a n t i - r a b b i t  I g  co lum ns, o r  d i r e c t l y  u s in g  r o s e t t e  te c h n iq u e s  w ith  
a n t i - I g  and ATS (F angor e t  a l . ,  1972; W ilson  e t  a l . ,  1 9 7 6 ). I t  may 
w e l l  b e  t h a t  th e  Ig  d e te c te d  on th e  PBL T - c e l l  was p a s s iv e ly  a c q u ire d  
fo llo w in g  a c t i v a t i o n  by m ito g en  (B e l l  and  W ig z e ll ,  1 9 7 7 ).
Through th e  u se  o f  d i f f e r e n t  m a rk e rs , a  p a t t e r n  o f  o rg an  
d i s t r i b u t u i o n  o f  th e  two r a b b i t  lym phocyte s u b p o p u la t io n s  a r e  
p r e s e n te d  on T ab le  1 .
The m acrophage.
The i s o l a t i o n  (e n r ic h m e n t)  f o r  th e  m acrophage p o p u la t io n  w hich 
may p a r t i c i p a t e  d u r in g  th e  c e l l u l a r  c o o p e ra t iv e  e v e n ts  i n  th e  immune
Table 1
C om parison o f  P e rc e n ta g e s  o f  T* and  s l g + and B+  C e l l s  R ep o rted  F o r R a b b it Lymphoid C e l l  P o p u la tio n s
F r a d e l i z i  e t  a l .  
(1973)
R udzik  e t  a l .  
(1975)
W ilson  e t  a l .  
(1976)
B e l l  & W ig z e ll 
(1977)
Chou e t  a l .  
.(1?771_
M ethod- c y t . c y t . dIF iRFC dRFC c y t . dIF c y t . c y t .
Tr*‘ T* s lg + T+ s lg + T+ s lg + T+ B+
% % % % %
S p lee n 46 2 0 18 46 44 45 57 43 49
Thymus 95 94 84 2 95 3 97 2
Lymph node 70 53 44 58 60 47 44
P e r ip h e r a l  b lo o d 15 44 2 0 60 45 55 54 25
Bone marrow 1 2 7 1 2 13 32 5 5
A ppendix 2 0 69 1 2 83
P e y e rs  P a tc h 17 79 28 53
A b b re v ia t io n s :  c y t . - c y t o t o x i c i t y ;  d I F - d i r e c t  im m u n o flu o rescen ce ; iR F C - in d ir e c t  r o s e t t e  fo rm ing  c e l l ;
d R F C -d irec t r o s e t t e  fo rm ing  c e l l
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re sp o n se  I s  d ep en d en t upon th e  c a p a c i ty  o f  t h i s  c e l l  to  a d h e re  to  
I n e r t  s u r f a c e s .  T h is  c a p a c i ty  I s  p ro b a b ly  b a se d  on th e  same m echanism  
a s  p h a g o c y to s is  (van Oss e t  a l . , 1 9 7 5 ). A dherence m echanism  h a s  b een  
found to  be  due to  th e  lo w er c e l l u l a r  s u r f a c e  f r e e  e n e rg y , com bined 
w ith  th e  te n d en cy  to  form  p r o t r u s io n s  w ith  s m a ll  r a d i i  o f  c u rv a tu r e  
(van Oss e t  a l . ,  1 9 7 2 ). Tew and S ta v i t s k y  (1974) d e m o n s tra te d  t h a t  
p l a s t i c  a d h e re n t  m acrophages and p h a g o c y tic  c e l l s  from  th e  r a b b i t  lymph 
node may a c t u a l l y  r e p r e s e n t  n o t  o n ly  p h y c ia l ly  b u t  f u n c t i o n a l l y  
d i s t i n c t  s u b p o p u la t io n s .  T h e i r  c o n c lu s io n s  w ere b a se d  on th e  f in d  
t h a t  w h ile  p l a s t i c  a d h e re n t  c e l l s  p o s se s s e d  no p e r s i s t a n t  a n t ig e n ,  
th e y  lo w ered  th e  im m unologic re sp o n se  o f  p h ag o cy te  d e p le te d  c u l t u r e s ,  
when th e y  w ere  added . P h a g o c y tic  m acrophages can  b e  rem oved fo llo w in g  
in g e s t io n  o f  c a rb o n y l i r o n  and s e d im e n ta t io n  w ith  a  m agnet. B oth 
te c h n iq u e s ,  c a rb o n y l i r o n  o r  ad h e re n c e  when em ployed re d u c e d  th e  
d e t e c ta b le  l e v e l s  o f  m acrophages by 90% (Tew and S ta v i t s k y ,  1 9 7 4 ).
W alker (1974) s tu d ie d  th e  f u n c t io n a l  and  p h y s ic a l  n a t u r e  o f  th e  
r a b b i t  p e r i t o n e a l  m acrophage and found t h a t  th e  p o p u la t io n  was 
h e te ro g e n e o u s  w ith  r e s p e c t  to  c e l l  d e n s i ty  and  c a p a c i ty  to  i n t e r a c t  
w ith  a n t ig e n .
The c l a s s i c a l  te c h n iq u e s  em ployed f o r  d e p le t in g  m acrophages 
from  lym phoid  p o p u la t io n s  in  o r d e r  t o  s tu d y  t h e i r  c o n t r i b u t i o n  to  
th e  immune re sp o n se  does n o t  c o m p le te ly  remove t h e i r  in f lu e n c e  and 
i n t e r p r e t a t i o n  o f  e x p e r im e n ta l  r e s u l t s  m ust ta k e  t h i s  i n t o  a c c o u n t.
M ajor H is to c o m p a ta b i l i ty  A n tig e n s .
The ab sen ce  o f  a  w e l l  d e f in e d ,  w id e ly  d i s t r i b u t e d  hom ozygous, 
in b re d  s t r a i n s  o f  r a b b i t s  h as  p re v e n te d  th e  developm ent o f  a  more
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com p le te  u n d e rs ta n d in g  o f  th e  m a jo r h i s to c o m p a ta b i l i ty  a n t ig e n  
com plex (MHC) f o r  t h i s  s p e c ie s  ( I v a n y i ,  1 9 7 7 ). However, Medawar 
(1946) d e te rm in e d  th a t  s e v e r a l  h is to c o m p a ta b i l i ty  sy stem s p ro b a b ly  
e x i s t  i n  th e  r a b b i t ,  s in c e  a f t e r  e x te n s iv e  a l l o g r a f t  ex ch a n g es ,
23 o u t o f  528 a l l o g r a f t s  s u rv iv e d  on th e  r e c i p i e n t  f o r  more th a n  15 
d a y s . M atej (1973) p ro p o sed  th e  d e s ig n a t io n  RL-A ( r a b b i t  le u k o c y te  
a n t ig e n )  f o r  th e  m a jo r h is to c o m p a ta b i l i ty  sy stem  (MHS) in  r a b b i t s  
and I n v e s t ig a te d  th e  u se  o f  le u k o c y te  a n t ig e n  d e t e c t io n  to  p r e d i c t  
a l l o g r a f t  s u r v i v a l .  T i s s o t  and Cohen (1972) u sed  c lo s e ly  r e l a t e d  
r a b b i t  l i n e s  to  o b ta in  c y to to x ic  a n t i s e r a  i n  r e c i p i e n t s  fo l lo w in g  
a l l o g r a f t  e x c h a n g e s . The c y to to x ic  a n t i s e r a  was t e s t e d  a g a in s t  th e  
PBL o f  r e l a t e d  r a b b i t s .  They w ere  a b le  to  d e f in e  se v e n  RL-A a l l e l e s  
w ith  10 a n t i s e r a  w hich  had  u n iq u e  s p e c i f i c i t i e s . T i s s o t  and  Cohen
(1974) s u g g e s te d  th e  p o s s i b i l i t y  t h a t  c e r t a i n  RL-A a l l e l e s  w ere  th e  
r e s u l t  o f  m u ta t io n a l  o r  r e c o m b in a t io n a l  e v e n ts  from  a  common a n c e s t r a l  
gene th ro u g h  th e  u t i l i z a t i o n  o f  common a n t i s e r a ;  t h a t  th e  g e n e t ic  
lo c u s  f o r  th e  b lo o d  group (He) and  th e  m ixed lym phocyte c u l tu r e  (MLC) 
lo c u s  w ere  c l o s e l y  a s s o c ia t e d  and p o s s ib ly  l i n k e d .  He a l s o  showed 
t h a t  r a b b i t s  w i th  d i s t i n c t  RL-A a l l e l e s  p o s se s s e d  common MLC a n t ig e n s .  
I v a n y i (1977) s u g g e s te d  t h a t  RL-A genes w ere  l in k e d  w ith  immune 
re s p o n se  genes ( I r ) .
C e l lu l a r  C o o p e ra tio n .
E v id en ce  f o r  s e p a r a t e  T and B - c e l l  p o p u la t io n s  was b a se d  upon 
t h e i r  in d i v id u a l  and d i f f e r e n t i a l  re sp o n se s  t o  m ito g e n s , s t im u la t io n  
w ith  a n t i - l g  a n tib o d y  and th e  p re s e n c e  o f  s u r f a c e  membrane d i f f e r e n t i a t i o n  
a n t ig e n s .  A d d i t io n a l  e v id e n c e  was r e p o r te d  by C a lk in s  e t  a l .  (1975)
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who showed th e  p re s e n c e  o f  s l g  b e a r in g  c e l l s  in  r a b b i t s  d e p le te d  
o f  T - c e l l s  by thymectomy and i r r a d i a t i o n .  They a l s o  d e m o n stra te d  
t h a t  d e p le t io n  o f  B - c e l l s  by I r r a d i a t i o n  and su b se q u e n t thym ocyte 
in f u s io n  le d  to  re c o v e ry  o f  t h e i r  a b i l i t y  to  resp o n d  to  Con A and 
PHA a t  n e a r  norm al l e v e l s  w h ile  no sIG  b e a r in g  c e l l s  re a p p e a re d .
I n  v iv o  e x p e rim e n ts  t h a t  d e m o n s tra te  th e  dependence o f  th e  
hum oral immune re sp o n se  on c e l l u l a r  c o o p e ra tio n  come from  Cooper 
e t  a l .  (1968) who showed th e  n e o n a ta l  rem oval o f  th e  g u t a s s o c ia t e d  
lym phoid  t i s s u e  (GALT) s i g n i f i c a n t l y  red u ced  l e v e l s  o f  c i r c u l a t i n g  
a n t ib o d y ,  t h e i r  a b i l i t y  to  re sp o n d  to  a n t ig e n  and p ro d u ce  s p e c i f i c  
a n tib o d y  and a l s o  re d u c e  th e  t o t a l  number o f  c i r c u l a t i n g  ly m p h o cy tes . 
However th e  c a p a c i ty  o f  th e s e  a n im a ls  t o  r e j e c t  s k in  h o m o g ra fts  o r  
t h e i r  a b i l i t y  to  e x p re s s  d e la y e d  ty p e  h y p e r s e n s i t i v i t y  was n o t  
a b ro g a te d  ( T - c e l l  fu n c t io n )  (M cK neally e t  a l . ,  1 9 6 6 ).
O zer and  Waksman d e m o n s tra te d  t h a t  a  co m b in a tio n  o f  c e l l s  from  
th e  r a b b i t  a p p en d ix  and bone marrow (1970) o r  thymus c e l l s  (1972) 
was n e c e s s a ry  to  r e c o n s t i t u t e  im m unolog ica l r e s p o n s iv e n e s s  in  a  
l e t h a l l y  x - i r r a d l a t e d  o r  ap p en d ec to m ized , thym ectom ized  r a b b i t .
L andry  (1974) showed t h a t  l e t h a l l y  x - i r r a d i a t e d  r a b b i t s  o r  l e t h a l l y  
x - i r r a d i a t e d  r a b b i t s  r e c o n s t i t u t e d  w ith  a l lo g e n e i c  bone marrow c e l l s  
f a i l e d  to  re sp o n d  s i g n i f i c a n t l y  to  a n t ig e n .  A rno ld  (1975) o b ta in e d  
s i g n i f i c a n t  c i r c u l a t i n g  a n tib o d y  and PFC re s p o n s e s  i n  a d u l t  thym ec­
tom ized  l e t h a l l y  x - i r r a d i a t e d  r a b b i t s  vdiich w ere in fu s e d  w ith  
a l lo g e n e ic  bone marrow and thym us c e l l s . T o g e th e r  t h i s  d a ta  
s u p p o r ts  th e  e x i s t e n c e  o f  in  v iv o  c e l l  c o o p e ra tio n  be tw een  T and 
B - c e l l s  in  th e  r a b b i t .
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The d e m o n s tra tio n  o f  c e l l u l a r  c o o p e ra tio n  in  v i t r o  betw een  
r a b b i t  lym phoid  c e l l s  re s p o n d in g  to  a n t ig e n ,  show a  s i m i l a r  
dependence upon i n t e r a c t i n g  T and B - c e l l s .  Henry and K o d lin  (1971) 
a n a ly z e d  th e  s lo p e  o f  th e  re s p o n s e  c u rv e  o f  lo g  c e l l  dose  p e r  lo g  
PFC re sp o n s e  o b ta in e d  from  c u l tu r e s  o f  p rim ed  r a b b i t  s p le e n  '’ c .I is  to  
SRBC i n  a  f a s h io n  s i m i l a r  t o  t h a t  u se d  by M osier and  C oppelson  
(1968) i n  th e  m ouse, and  sh o v ed  th e  re q u ire m e n t f o r  th r e e  c e l l  ty p e s  
to  c o o p e ra te  as an immune f u n c t io n a l  u n i t  c a p a b le  o f  a n tib o d y  
p r o d u c t io n .  T hese r e s u l t s  s u g g e s t  th a t  a  minimum o f  th r e e  c e l l  
ty p e s  co m p rise  th e  f u n c t io n a l  u n i t :  an a n t ib o d y  p r e c u r s o r  c e l l  (B -c e l l )
and two c o o p e ra tin g  a c c e s so ry  c e l l s ,  th o u g h t t o  be  a  T - c e l l  and 
m acrophage.
Redelman e t  a l .  (1976) s e p a r a te d  r a b b i t  T and B - c e l l s  f o r  i n  
v i t r o  c u l t u r e s  from  r a b b i t  s p le e n  c e l l  s u sp e n s io n s  on  n y lo n  wool 
columns and o b ta in e d  r e l a t i v e l y  p u re  p o p u la t io n s  o f  T - c e l l s  o r  t r e a t e d  
w hole s p le e n  c e l l  s u sp e n s io n s  w ith  ATS p lu s  com plem ent to  remove 
T - c e l l s  and re c o v e re d  B - c e l l s .  N e i th e r  c e l l  p o p u la t io n  p rod u ced  
an anti-SR B C  PFC re sp o n s e  when c u l tu r e d  i n d i v i d u a l l y ,  b u t  p ro d u ced  
an e l e v a te d  PFC re sp o n s e  i n  v i t r o  to  SRBC i f  c u l tu r e d  to g e th e r .
M etze r e t  a l .  (1977) r e p o r te d  s i m i l a r  f in d in g s  when th e y  u sed  th e  
n e g a t iv e  s e l e c t i o n  te c h n iq u e  o f  W ilso n  e t  a l .  (1 9 7 4 ) . A ntibody  c o a te d  
re d  b lo o d  c e l l s  w e re  used  to  r o s e t t e  e i t h e r  T o r  B - c e l l s  w hich  w ere 
th e n  s e p a r a te d  b y  F ic o tt-H y p a q u e  c e n t r i f u g a t i o n  to  remove th e  r o s e t t e d  
c e l l s .  C om bination  o f th e  i s o l a t e d  f r a c t i o n s  i n  c u l t u r e  r e s u l t e d  
i n  a  s y n e r g i s t i c  PFC re s p o n s e .
I t  h a s  b een  shown i n  th e  m urine  sy stem  t h a t  m ito g en  s t im u la ­
t i o n  and a n t ig e n  in d u c ed  re sp o n se s  a r e  e q u iv a le n t ,  s in c e  b o th
1 6
pro v o k e  c lo n a l  p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n .  The d i f f e r e n c e  
betw een  m ito g en  and a n t ig e n  s t im u la t io n  i s  t h a t  m ito g en s  a r e  p o ly ­
c lo n a l  a c t i v a t o r s  and a n t ig e n s  a r e  u s u a l ly  m onoclonal a c t i v a t o r s  
(A nderson e t  a l . ,  1 9 7 4 ). The f in d in g  th a t  p a r t i c l e  bound Con A, 
( r a t h e r  th a n  s o lu b le )  c o u ld  s t im u la t e  mouse B - c e l l s  to  p ro d u ce  Ig  
s u g g e s te d  th a t  T - c e l l s  m ust b in d  a n t ig e n  on t h e i r  s u r f a c e  and p r e s e n t  
th e  l o c a l  c o n c e n tr a te d  form  to  B - c e l l s  i n  o rd e r  to  t r i g g e r  t h i s  
r e s p o n s e  (M o lle r , 1 9 7 0 ).
D e lam ette  and cow orkers (1975) a d d re s s e d  th e  q u e s t io n  o f  p h y s ic a l  
p r e s e n t a t i o n  o f  th e  s t im u la t in g  f a c t o r  to  in d u c e  sy n e rg y  betw een  
r a b b i t  T and B - c e l l s .  R a b b it s p le e n  c e l l s  w ere  c u l tu r e d  w ith  Con A, 
e i t h e r  s o lu b le  o r  c o n ju g a te d  to  S ep h aro se-4 B , and th e  c u l t u r e  f l u i d s  
w ere a ssa y e d  f o r  XgM p ro d u c tio n  ( i . e .  a n tib o d y  p ro d u c t io n  s t im u la te d  
by th e  T - c e l l  m i to g e n ) . They found  e x t r a c e l l u l a r  IgM s y n th e s i s  
in c r e a s e d  when Con A was s o lu b le ,  b u t  n o t when i t  was in  a p a r t i c u l a t e  
form . They co n c lu d e d  t h a t  c e l l u l a r  c o o p e ra t io n  i n  th e  r a b b i t  i s  
n o t  d ep en d en t on th e  p r e s e n ta t i o n  o f  th e  in d u c e r  (m ito g en ) o r  a n t ig e n  
by one c e l l  to  a n o th e r ,  b u t  r a t h e r  by th e  s e c r e t i o n  o f  s o lu b le  
m e d ia to rs  by one c e l l  p o p u la t io n  w hich s t im u la t e s  th e  o th e r  to  th e  
in d u c e r .
The m acrophage.
The r o le  o f  th e  m acrophage i n  th e  s y n e r g i s t i c  i n t e r a c t i o n s  
p r i o r  to  in d u c t io n  o f  th e  B - c e l l  to  d i f f e r e n t i a t e  to w ard s  a n tib o d y  
p ro d u c t io n  h as  n o t b een  c l e a r l y  d e f in e d  f o r  th e  r a b b i t ,  a s  i t  h a s  been  
f o r  th e  m ouse. I t  h a s  been  w e l l  docum ented in  th e  mouse sy stem  t h a t  
th e  m acrophage i s  e s s e n t i a l  f o r  th e  p r e s e n ta t io n  o f  a n t ig e n  to
17
re sp o n d in g  T and  B - c e l l s  i n  v i t r o  (M o sie r, 1967; K atz  and Unanue,
1 9 7 3 ). The i n t e r a c t i o n  betw een  a n t ig e n  and m acrophage membrane 
may r e s u l t  in  p o ly m e r iz a tio n  and  an In c r e a s e  in  e p i to p e  ( a n t ig e n ic  
d e te rm in a n t)  d e n s i ty  w hich  may b e  c r i t i c a l  f o r  th e  . s t im u la t io n  o f  
B - c e l l s  (Feldm an e t  a l . ,  1 9 7 4 ), o r  i t  may s im p ly  c r e a te  a  more 
im munogenic form  o f  a n t ig e n  ( P ie r c e  e t  a l . ,  1974; K atz  and Unanue, 
1973; F ishm an, 19 6 1 ).
The re q u ire m e n t f o r  m acrophages i n  th e  in  v i t r o  re sp o n s e  by 
r a b b i t  c e l l s  i s  l e s s  c l e a r .  Fishm an (1961) s tu d ie d  th e  r o l e  o f  
th e  m acrophage f o r  th e  p r o c e s s in g  o f  a n i tg e n  by u s in g  lymph node 
c e l l s  c h a l le n g e d  w ith  T2  b a c te r io p h a g e .  He co n c lu d ed  t h a t  th e  
m acrophage was n e c e s s a ry  f o r  th e  a n t ig e n  p r o c e s s in g  e v e n t .  T h e is  
and T horbecke (1970) u sed  B r u c e l la  a b o r tu s  and SRBC a n t ig e n s  to  
i n v e s t i g a t e  th e  re q u ire m e n t d u r in g  p rim ary  and se c o n d a ry  re s p o n se s  
in  v i t r o  f o r  a d h e re n t c e l l s  ( e n r ic h e d  w ith  m a c ro p h a g e s ) . C o tto n  w ool 
was u sed  to  s e p a r a t e  a d h e re n t and n o n a d h e re n t c e l l s  and th e y  found 
th e  re sp o n s e  to  a n t ig e n  was s e v e r e ly  re d u c e d  as lo n g  a s  c u l tu r e s  w ere 
m a in ta in e d  in  p l a s t i c  d i s h .  When th e  c e l l s  w ere c u l tu r e d  in  tu b e s  th e  
r e d u c t io n  in  re sp o n se  was l e s s  c o n s i s t e n t  and som etim es d id  n o t  o c c u r 
a t  a l l .  They c o n c lu d ed  t h a t  th e  dependence on  a d h e re n t  c e l l s  i s  
e a s i e r  to  d e m o n s tra te  i f  th e  c e l l  d e n s i ty  i s  low ( th e  c e l l  concen ­
t r a t i o n  in  th e  tu b e s  was o n e - f o u r th  t h a t  in  th e  d i s h e s ) , s in c e  i n t e r ­
fe re n c e  w ith  th e  c e l l  to  c e l l  I n t e r a c t i o n s  i s  e a s i l y  a c c o m p lish e d .
They n o te d  th a t  i n  se c o n d a ry  c u l tu r e  th e  a n tib o d y  re sp o n se  was low 
when a d h e re n t  c e l l s  w ere rem oved, how ever th e r e  was no r e d u c t io n  in  
c e l l  p r o l i f e r a t i o n  in  re sp o n se s  o f  th e s e  c u l tu r e s  to  a n t ig e n .
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P ark h o u se  and D u tto n  (1966) n o te d  a n t ig e n  In d u ced  DNA s y n th e s i s  
in c r e a s e d  in  lym phoid  c e l l s  fo llo w in g  rem oval o f  r a b b i t  a d h e re n t  
c e l l s .  They r e p o r te d  a  d e c re a s e  in  th e  DNA s y n th e s is  i f  a d h e re n t  
c e l l s  w ere added  to  c u l tu r e s  o f  no rm al c e l l s *  and co n c lu d ed  t h a t  th e  
r a t i o  o f  lym phocy tes to  m acrophages was c r i t i c a l  i n  d e te rm in in g  
w h e th e r  th e  re s p o n s e  w ould  o c c u r ,  and may v a ry  f o r  m acrophages 
h a rv e s te d  from  d i f f e r e n t  t i s s u e  s o u r c e s .
C u r ly , A d le r  and Fishm an (1974) exam ined th e  r o le  o f  a n t ig e n  
p ro c e s s in g  by m acrophages i n  a  p rim a ry  re s p o n se  In  v i t r o . S o lu b i l i z e d  
T2  phage a n t ig e n  was u sed  a s  th e  immunogen f o r  p rim ary  w hole s p le e n  
c e l l  c u l tu r e s  and  a l s o  f o r  c u l tu r e s  o f  a d h e re n t  c e l l  d e p le te d  s p le e n  
c e l l s .  U n se p a ra te d  lymph node c e l l s  f a i l e d  to  re sp o n d  in  c u l tu r e s  
to  a n t ig e n  even  when a d h e re n t  s p le e n  c e l l s  w ere  added  i n  an a t te m p t 
to  r e p la c e  " m is s in g "  c e l l s .  They co n c lu d e d  t h a t  th e  re s p o n s e  to  
s o lu b le  T2  a n t ig e n  was in d e p e n d e n t o f  th e  m acrophage s in c e  s p le e n  
c e l l  c u l tu r e s  d e p r iv e d  o f  a d h e re n t  c e l l s  w ere  c a p a b le  o f  re sp o n d in g  
to  th e  s o lu b le  a n t ig e n ,  and t h a t  th e  m acrophage m ig h t f u n c t io n  by  
s o lu b l i z in g  a n t ig e n  and p ro v id e  an  Im m unogenic fo rm . Shortm an 
and  P alm er (1971) found s u p e r n a ta n t  f l u i d s  from  SRBC in c u b a te d  
m acrophage c u l tu r e s  c o u ld  p ro v o k e  anti-SR B C  PFC re s p o n s e s  i n  m acro­
phage d e p le te d  c u l t u r e s ,  s u g g e s t in g  t h a t  m acrophages s y n th e s iz e  
and r e l e a s e  f a c t o r s  w hich  s o l u b i l i z e  SRBC to  a n t ig e n s  w hich  can  
p ro v o k e  m acrophage d e p le te d  c u l t u r e s .  T h is  i s  a p p a re n t ly  n o t  due 
s o le ly  to  m acrophage r e l e a s e d  f a c t o r s ,  s in c e  In c u b a t io n  o f  SRBC's 
in  f e t a l  c a l f  serum  a lo n e  w i l l  r e s u l t  i n  s i m i l a r  s o lu b le  SRBC 
a n t ig e n  (P ie r c e  and Kapp, 1 9 7 6 ). S jo b e rg  and cow orkers (1972) showed
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t h a t  th e  Immune re s p o n s e  o f  a  s o lu b le  a n t ig e n ,  c r o s s r e a c t ln g  w ith  
SRBC, was a s  d ep en d en t upon m acrophages a s  SRBC's w e re . L a s t ly  
M etzg e r and cow orkers (1977) c o u ld  d e m o n s tra te  no s i g n i f i c a n t  
I n c r e a s e  In  b l a s t  fo rm a tio n  o r  DNA s y n th e s i s  In  c u l tu r e s  o f  s p le e n  
c e l l s  ex p o sed  to  ly s e d  SRBC. Thus I t  I s  f e l t  t h a t  SRBC, as  an 
Immunogen f o r  r a b b i t  c e l l s ,  I s  d ep en d en t upon th e  p re se n c e  o f  a l l  
th e  same c e l l  ty p e s ,  w hich  a r e  Im p o rta n t I n  th e  mouse hum oral 
r e s p o n s e .
R e g u la to ry  C e l l s  i n  th e  In  V itro  Immune R esp o n se .
R e s u l t s  from  s e v e r a l  in v e s t i g a t io n s  h ave  d e m o n stra te d  a  re g u ­
l a t o r y  fu n c t io n  f o r  a  number o f  c e l l  ty p e s  in  th e  lym phoid sy s te m .
The t r iu m v e r a te  o f  T -  B- m acrophage i n t e r a c t i o n  i n  th e  p ro d u c tio n  
and c o n t r o l  o f  th e  immune r e s p o n s e , b o th  i n  v iv o  and i n  v i t r o , h a s  
b een  one o f  th e  p rim a ry  f o c a l  p o in t s  i n  im m uno log ica l r e s e a r c h .
T here  now e x i s t s  a  g r e a t  d e a l  o f  e v id e n c e , some d i r e c t  m ost I n d i r e c t ,  
t h a t  i n  c e r t a i n  n a t u r a l  o r  e x p e r im e n ta l ly  In d u ced  s i t u a t i o n s ,  each  
o f  th e  th r e e  m a jo r c e l l u l a r  com ponents can  e x e r t  an a c t iv e  s u p p re s s iv e  
in f lu e n c e  on th e  t o t a l  immune re sp o n se  (Waldman and B ro d e r , 1977; 
G ersh o n , 1 9 7 4 ). The l i t e r a t u r e  rev iew  t h a t  fo llo w s  d e a ls  p r im a r i ly  
w ith  n o n s p e c i f i c  im m unosuppression  in  th e  m urine  sy stem , and w i l l  
d e t a i l  w hat i s  c u r r e n t ly  known a b o u t r e g u la t io n  o f  th e  r a b b i t  immune 
r e s p o n s e .
S u b p o p u la tio n  o f  T - c e l l s .
The d e t e c t io n  o f  s e v e r a l  u n iq u e  d i f f e r e n t i a t i o n  a n t ig e n s  in  
th e  m urine  sy stem  was a id e d  by th e  a v a i l a b i l i t y  o f  in b re d  mouse s t r a i n s ,
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and co n g e n e lc  s t r a i n s  w hich  d i f f e r  i n  o n ly  one g e n e t i c a l l y  d e f in e d  
m arke r from  th e  p a r e n t .  T here  a re  two b a s ic  h y p o th e se s  w hich a r e  
u se d  to  e x p la in  th e  on togeny  o f  T - c e l l  d i f f e r e n t i a t i o n .  The f i r s t  
i s  t h a t  s tem  c e l l  d i f f e r e n t i a t i o n  p ro c e e d s  on two d i f f e r e n t  p a th ­
w ays, one le a d in g  to  a  m a tu re  s e l f  d i r e c t e d ,  b u t  f u n c t io n a l ly  
b lo c k e d  h ig h  th e t a  a n t ig e n  e n d - c e l l ,  w hich  may d ie  i n  th e  thymus 
w h ile  th e  o th e r  p a th  le a d s  to  a  m a tu re , n o n - s e l f  d i r e c t e d  f u n c t i o n a l ,  
p e r ip h e r a l  T - c e l l  w ith  low t h e t a  d e n s i ty  (Shortm an and J a c k so n ,
1 9 7 4 ). The second  h y p o th e s is  (C a n to r  and B oyse, 1975; Sh iku  e t  
a l . ,  1975) c a l l s  f o r  th e  stem  ’ c e l l s  to  go th ro u g h  a  s e r i e s  o f  
d i f f e r e n t i a t i v e  p r o c e s s e s ,  in d e p e n d e n t o f  a n t ig e n ,  from  an  im m ature 
h ig h  t h e t a  to  a m a tu re  low t h e t a .  The l a t t e r  h y p o th e s is  i s  fa v o re d  by 
many b e c a u se  o f  th e  s u p p o r t  i t  h a s  r e c e iv e d  from  a n a ly s i s  o f  th e  Ly 
thymus d i f f e r e n t i a t i o n  a n t ig e n  s e r i e s .  C a n to r  and Boyse (1975) showed 
t h a t  p e r ip h e r a l  b lo o d  T - c e l l s  b e a r  th r e e  d i f f e r e n t  c o m b in a tio n s ’>of 
Ly a n t ig e n .  Ly l +2+ 3+ T - c e l l s  a p p e a r  e a r l y  in  on togeny  o f  th e  p e r i -  
p h e r a l iz e d  T - c e l l  and i s  m arked s e n s i t i v e  (d e p le te d )  to  a d u l t  
thym ectom y. Ly l +2“ 3“  and Ly l - 2+ 3+ a p p e a r  l a t e r  d u r in g  d i f f e r e n t i a t i o n  
and  a r e  r e l a t i v e l y  r e s i s t a n t  ( lo n g  l iv e d )  to  thym ectom y. F u n c t io n a l ly  
th e y  found  t h a t  Ly l “ 2+ 3+ T - c e l l s  la c k e d  T h e l p e r  c e l l  (T^) 
a c t i v i t y  b u t  e x h ib i te d  c y to to x ic  a c t i v i t y  f o r  a l lo g e n e ic  t a r g e t  c e l l s .
Ly l + 2~3~ c e l l s  on th e  o th e r  hand e x h ib i te d  th e  c a p a c i ty  t o  p e rfo rm  
h e lp e r  fu n c t io n  d u r in g  th e  i n  v i t r o  SRBC re sp o n se  in  nude m ice 
( g e n e t i c a l l y  a thym lc  m ice la c k in g  T ^ - c e l l s ) , b u t  d id  n o t  p o s se s s  
c y to to x ic  a c t i v i t y .  In  l a t e r  p a p e rs  (C a n to r  e t. a l . ,  1976; J a n d in s k i  
e t  a l . ,  1976) i t  was shown t h a t  b o th  a n t ig e n  in d u c e d  o r  m itogen
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In d u ced  s u p p re s s io n  o f  th e  i n  v i t r o  SRBC re sp o n se  by mouse s p le e n  
c e l l s  was m ed ia te d  by an a c t iv a t e d  T s u p p re s s o r  c e l l  (Tg ) w ith  Ly 
a n t ig e n  p r o f i l e  Ly l “2+ 3+ . No change was o b se rv e d  in  th e  Ly a n t ig e n  
p h en o ty p e  d u r in g  th e  p ro c e s s  o f  a c t i v a t i o n  o r  w h ile  th e  c e l l s  perfo rm ed  
t h e i r  f u n c t io n a l  c a p a c i t i e s ,  ( s u p p re s s iv e  o r  h e lp e r  a c t i v i t i e s )  and 
th e y  c o n c lu d e d , th e s e  s u r f a c e  m ark e rs  w ere I n h e r e n t  p r o p e r t i e s  o f  
d i s t i n c t  T - c e l l  s u b c la s s e s .
A rev iew  o f  th e  r a b b i t  thymus d e r iv e d  c e l l  d i f f e r e n t i a t i o n  
a n t ig e n s  h a s  been  p r e s e n te d  in  an e a r l i e r  s e c t i o n .  S u f f ic e  i t  to  
say  t h a t  to  a t te m p t to  d e l in e a t e  th e  d i f f e r e n t i a t i o n  a n t ig e n s  in  
th e  r a b b i t  i n  a  s y s te m a tic  m anner and as c a r e f u l ly  as  C a n to r  and 
Boyse d id  in  th e  mouse (1975) w ith o u t in b re d  s t r a i n s  i s  n o t  a  l i k e l y  
e v e n t .
Non a n t ig e n  o r  m ito g en  in d u c e d  Ts  c e l l s .
A d u lt thymectomy and  a n t ith y m o c y te  a n t i b o d i e s .
Much o f  th e  know ledge c o n c e rn in g  th e  e x i s t e n c e  o f  a  T s u p p re s s o r  
c e l l  h a s  come from  e x p e rim e n ts  la c k in g  any m ito g en  o r  a n t ig e n  
in d u c e d  e v e n ts  w hich showed t h a t  ATS o r  ALS a d m in is t r a t io n  o r  a d u l t  
thymectomy ( r a t h e r  th a n  n e o n a ta l )  enhanced  th e  immune re sp o n se  
c a p a c i ty  in  such  a n im a ls . V ario u s  form s o f  th e  immune re s p o n s e s  show 
in c re a s e d  l e v e l s  a f t e r  a d u l t  thym ectom y, in c lu d in g  th e  a n tib o d y  
re sp o n se  to  m ost T in d e p e n d e n t a n t ig e n s  (K erb e l and E ld e n g e r , 1971; 
i b i d ,  1972; B aker e t  a l . ,  1970 a , b ;  P ie r c e  and Kapp, 1 9 7 6 ). T 
d ep en d en t a n t ig e n s  e l i c i t e d  no rm al re sp o n se  in  th e s e  ex p e rim e n ts  
and e v id e n c e  s u g g e s ts  t h a t  any in c r e a s e  o b se rv e d  was due to  in c re a s e d
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Th c e l l  a c t i v i t y  (K a p p le r  e t  a l . ,  1 9 7 4 ) . O th e r  re s p o n s e s  t h a t  
in c r e a s e d  fo l lo w in g  a d u l t  thymectomy in  th e  mouse w ere : jja  v i t r o
c y t o t o x i c i t y  (Sim pson and C a n to r , 1 9 7 5 ), m ixed lym phocy te  r e a c t io n  
(M osier and  C a n to r , 1971) and  a c c e l e r a t e d  a u to a n tib o d y  re sp o n se s  a g a in s t  
n u c le a r  a n t ig e n s  i n  NZB m ice (H e y le r  and Howie, 1 9 6 3 ).
S e v e ra l  i n v e s t i g a t o r s  p ro p o se d  t h a t  i n i t i a l l y ,  a d u l t  thymectomy
removed th e  s o u rc e  o f s h o r t - l i v e d  new thymus d e r iv e d  Tg lym phocy tes
w hich  c o n t in u a l ly  s e e d e d  th e  p e r ip h e r a l  lym phoid o rg a n s  (K e rb e l and
E id e n g e r , 1971; i b i d , 1972; B aker e t  a l . ,  1 9 7 0 ). A l t e r n a t e l y ,
o th e r s  r e p o r te d  t h a t  a  thym ic Im p la n t i n  d i f f u s io n  cham bers I n s e r t e d
in t o  a d u l t  thym ectom ized  m ice r e s u l t e d  in  no lo s s  o f  th e  s u p p re s s o r
c a p a c i ty .  T h is  e v id e n c e  s u g g e s te d  t h a t  th e  thymus s u p p l ie d  a
c i r c u l a t i n g  h o rm o n e - lik e  f a c t o r  w h ich  was r e s p o n s ib le  f o r  m a in ta in in g
s u p p r e s s o r  fu n c t io n  i n  th e  p e r ip h e r a l  Ts  c e l l  (A sherson  e t  a l . ,  1 9 7 6 ).
A t h i r d  p o s s ib le  e x p la n a t io n  i s  t h a t  r e c i r c u l a t i n g  T m ust p a s s  th ro u g hs
th e  thymus to  m a in ta in e d  t h e i r  s u p p r e s s iv e  c a p a c i ty .  No e x p e r im e n ta l  
e v id e n c e  h a s  y e t  b e e n  p r e s e n te d  t o  s u p p o r t  t h i s  l a t t e r  h y p o th e s is  
(A sherson  e t  a l . ,  1 9 7 6 ).
S im i la r ly ,  a d u l t  thym ectom y, th e  i v  a d m in is t r a t io n  o f  ALS o r  
ATS h a s  b een  shown to  p ro d u ce  a  tem p o rary  r e d u c t io n  i n  r e g u la to r y  
s u p p re s s iv e  c a p a c i ty  by p e r ip h e r a l  Tg c e l l s  i n  sy stem s im m unized w ith
T in d e p e n d e n t a n t ig e n s ,  and some i n v e s t i g a t o r s  p ro p o se  t h a t  th e
Ts < c e l l  d e p le te d  by  thymectomy may be e f f e c t e d  by ALS t r e a tm e n t  
(B aker e t  a l . ,  1970; i b i d , 1 9 7 0 ).
I n  th e  r a b b i t  b o th  a d u l t  thym ectom y p r i o r  to  ATGG tr e a tm e n t
s u r ro u n d in g  th e  p rim in g  dose o f  h e te ro lo g o u s  e r y th r o c y te s  (A rn o ld ,
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1975) o r  D N P -pro te in  c a r r i e r  (C h in , 1978) p ro d u ced  an in c r e a s e  in  
th e  lri v iv o  PFC o r  c i r c u l a t i n g  a g g l u t in a t in g  a n tib o d y  re s p o n s e .
In  th e s e  s tu d ie s  th e  e v id e n c e  s u g g e s ts  t h a t  a  Tg c e l l  m e d ia te s  
a n t ig e n ic  c o m p e tit io n  w hose e f f e c t  i s  removed a f t e r  a d u l t  thymectomy 
o r  ATGG tr e a tm e n t .
T a n ig u c h i and Tada (1974) c o n c lu d ed  from  t h e i r  s t u d i e s  t h a t  
th e  r e l a t i v e  d im in u tio n  o f  T - c e l l s  c a u se d  by e i t h e r  a d u l t  thym ec­
tomy o r  ATS t r e a tm e n t ,  r e s u l t e d  in  a  r i s e  b o th  i n  q u a n t i ty  and  
a f f i n i t y ,  o f  a n tib o d y  p ro d u ced  fo llo w in g  im m un iza tion  w ith  a  h a p te n  
c a r r i e r  c o n ju g a te .  H y p er-im m u n iza tio n  w ith  a n t ig e n  r e s u l t e d  i n  
d e p re s se d  re sp o n se s  and an accom panying d e c re a s e  i n  a n tib o d y  a f f i n i t y .  
The p ro d u c tio n  o f  a n tib o d y  w ith  optimum a f f i n i t y  f o r  a n t ig e n  r e q u i r e s  
o p tim a l num bers o f  c a r r i e r - p r im e d  T - c e l l s .  They co n c lu d ed  th a t  r a b b i t  
thymus c e l l s  p la y  a d u a l r e g u la to r y  r o l e  in  th e  developm ent o f  
th e  immune re s p o n s e .
I n t e r p r e t a t i o n  o f  r e s u l t s  i n  w hich  ATS tr e a tm e n t  i s  u sed  i s
d i f f i c u l t ,  s in c e  th e  in  v i t r o  m ethod u sed  to  remove T„ c e l l—  . . . . .  s
r e g u la t io n  i s  som etim es d ep en d en t upon t r e a tm e n t  o f  c e l l s  w ith  a n t i ­
body and co n ^ lem en t. F i r s t ,  i t  h a s  b een  shown by o th e r s  t h a t  ATS 
tr e a tm e n t  o f  s p le e n  c e l l s  ca u se d  th e  r e l e a s e  o f  I g  w hich  lo w ered  
th e  re sp o n se  o f  th e  c e l l s  (m o s tly  B) to  a n t i  I g  (S h ep p ard  e t  a l . ,
19 7 6 ), w hich r e s u l t e d  in  a  change i n  B ^-cell f u n c t io n .  S econd, no 
e v id e n c e  h as  been  p r e s e n te d  to  i n d i c a t e  t h a t  a n im a ls  t r e a t e d  w ith  ATS 
k i l l  th e  Tg c e l l  i n  v iv o , t r e a tm e n t  may s im p ly  a l t e r  th e  f u n c t io n  o f  
th e  Ta c e l l .  O th e rs  have r e p o r te d  t h a t  non c y to to x ic  ATS (Redelman 
e t  a l . , 1976) added to  s p le e n  c e l l  c u l tu r e s  can  red u ce  Con A Induced
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immune re sp o n s e  s u p p re s s io n .  Thus th e  i n  v i t r o  m echanism  w hich  
rem oves Tfl c e l l s  may he  a  n o n c y to to x ic  r e d u c t io n  i n  some m e ta b o lic  
e v e n t ( S h a e f e r , A d le r  and F ishm an, 1975) o r  may in d u c e  an  i r r e v e r ­
s i b l e  o r  a b o r t iv e  b l a s t  t r a n s fo rm a t io n  p ro c e s s  ( S e l l ,  Lowe and G i l l ,  
1 9 7 2 ).
B aker e t  a l .  (1973) showed t h a t  a  p o p u la t io n  o f  T a m p l i f i e r  
(Ta ) c e l l s  w ere  s t im u la te d  by ALS t r e a tm e n t ,  w h ich  in d u c e d  enhance­
m ent o f  th e  re s p o n se  to  th e  T in d e p e n d e n t a n t ig e n ,  ty p e  111 
pneum oncoccal p o ly s a c c h a r id e .  I t  was th e n  shown (Markham e t  a l . ,  
1977a) t h a t  enhancem ent o f  th e  re sp o n se  depends d i r e c t l y  on a  Ta 
c e l l  s in c e  t h i s  c e l l  was s u p p re s s e d  d u r in g  n o rm a l re s p o n s e s  u n le s s  
th e  Ts  c e l l  was removed by ALS t r e a tm e n t .  I f  a  seco n d  d o se  o f  ALS 
was g iv e n  1 to  2 days a f t e r  a n t ig e n  and th e  f i r s t  ALS t r e a tm e n t  to  
e l im in a te  Ts c e l l s  no enhancem ent was s e e n  (Markham e t  a l . ,  1977b ). 
L ik ew ise  ALS a b ro g a te s  Con A in d u c e d  enhancem ent i f  ALS i s  i n j e c t e d  
a t  th e  tim e  o f  Im m un iza tion  w ith  a n t ig e n  and  a d m in i s t r a t io n  o f  Con 
A two days l a t e r .  They co n c lu d e d  t h a t  r e s i s t a n c e  o f  Ta  c e l l s  to  
ALS i s  due to  th e  f a c t  t h a t  a m p l i f i e r  a c t i v i t y  d ev e lo p s  some tim e 
a f t e r  Ts c e l l  s t i m u l a t i o n .  When th e  Tg c e l l  i s  rem oved Ta  c e l l s  
a c q u i r e  th e  c a p a c i ty  to  i n t e r a c t  w ith  ALS (Markham e t  a l . ,  1977b ).
A n a to m ica l l o c a t io n  o f  s u p p re s s o r  c e l l s .
P ie r c e  (1967) s u g g e s te d  t h a t  s u p p re s s o r  c e l l s  may p r e f e r e n t i a l l y  
r e s id e  i n  ( o r  home in t o )  s e l e c t  p e r ip h e r a l  lym pho id  t i s s u e .  He 
d e m o n s tra te d  t h a t  sham s p le n e c to m iz e d  r a t s  f a i l e d  to  d ev e lo p  
a n tib o d y  re s p o n se  to  u l t r a c e n t r i f u g e d  b o v in e  gamma g lo b u l in ,  w hereas 
sp le n e c to m iz e d  r a t s  re sp o n d ed .
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S u b se q u e n tly  two o th e r  r e p o r t s  h av e  shown t h a t  s p le e n  s e e k in g
T - c e l l s  can su p p re s s  th e  DNA s y n t h e t i c  re sp o n se  to  a l lo a n t i g e n s
p r e s e n t  in  F^ x - i r r a d i a t e d  r e c i p i e n t s  (G erson  e t  a l . ,  1 9 7 4 ), o r  to
e r y th r o c y te  a n t ig e n s  (Wu and  L an ce , 1 9 7 4 ) . R ich and R ich (1974)
exam ined th e  r e l a t i o n s h ip  o£ T - c e l l  f u n c t io n  w ith  r e s p e c t  to  t i s s u e
lo c a t io n  and showed t h a t  w h ile  s p le e n  T - c e l l s  from  a  do n o r s t im u la te d
w ith  a l lo a n t i g e n s  su p p re s se d  th e  MLC r e a c t io n  o f  n o rm al s y n g e n e ic
T - c e l l s  to  t h a t  a n t ig e n ,  lymph node T - c e l l s  en h anced  th e  MLC re s p o n s e .
O th e rs  have shown t h a t  s p le e n  T - c e l l s  e x e r t  s u p p r e s s iv e  a c t i v i t y
w h ile  lymph node c e l l s  d id  n o t  when ex p o sed  to  s u p ra o p tim a l doses
o f  a n t ig e n ,  w hich a c t iv a t e d  th e  s p le e n  T c e l l s  (W h is le r  and  S to b o ,s
1976) and th e y  showed th a t  th e  Ts  c e l l  p o s s e s s e d  a  Ly l “ 2+ 3+ 
d i f f e r e n t i a t i o n  a n t ig e n  p r o f i l e  (K o n tian e n  and  Feldm an, 1 9 7 6 ). P a s s iv e  
t r a n s f e r  o f  c o n ta c t  s e n s i t i v i t y  to  n o rm al r e c i p i e n t s  by lymph node 
c e l l s ,  c o u ld  b e  su p p re s se d  by a  s p le e n  d e r iv e d  c e l l  (Sy e t  a l . ,  1 9 7 7 ). 
S plenectom y up to  3 days a f t e r  s e n s i t i z a t i o n  w i th  a n t ig e n  red u ce d  
s u p p r e s s o r  a c t i v i t y  in  th e  lymph n o d e .
O th e r  s tu d ie s  h ave  f a i l e d  to  show s p e c i f i c  s e l e c t i o n  f o r  
a n a to m ic a l lo c a t io n  f o r  th e  Tg c e l l .  M o sie r (1975) d e te c te d  c e l l s  
i n  th e  s p le e n  and lymph node t h a t  c o u ld  r e g u la t e  th e  s u p p re s s io n  
se e n  in  a n t ig e n ic  c o m p e tit io n  w hich  i s  th o u g h t to  b e  m e d ia te d  by 
T - c e l l s  w ith  s u p p re s s o r  a c t i v i t y  ( P ie r c e  and Kapp, 1 9 7 6 ) . S im i la r  
f in d in g s  w ere r e p o r te d  by H erzen b e rg  and h e r  c o l le g u e s  (1973) w here 
c e l l s  from  th e  s p le e n ,  thym us, lymph n o d e , o r  bone marrow from  a l l o -  
t y p i c a l l y  s u p p re s se d  m ice co u ld  s u p p re s s  th e  e x p re s s io n  o f  th e  
s u p p re s se d  a l l o ty p e  i n  F^ c e l l s  from  n o rm al d o n o rs . An e x p la n a t io n
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f o r  th e  above c o n t r a d i c t i o n  i s  n o t  a p p a r e n t ,  e x c e p t t h a t  developm ent 
o f  T - c e l l s  w ith  s u p p re s s iv e  c a p a c i ty  may b e  d e r iv e d  and e x p re s s e d  
from  m u l t ip le  pathw ays (P ie r c e  and Kapp, 1 9 7 6 ).
E v id en ce  f o r  an a n a to m ic a l p r e f e r e n c e  f o r  homing o f  th e  Ts 
c e l l s  i n  th e  r a b b i t  was r e p o r te d  by Rom ball and V e ig le  (1 9 7 7 ),
C a v o li e t  a l .  (1976) and  Rom ball e t  a l .  (1 9 7 5 ) . In  t h e i r  sy stem  
a g g ra g a te d  human IgG i n j e c t e d  i v  in d u c e d  c y c l i c a l  p ro d u c t io n  o f  
c i r c u l a t i n g  a n tib o d y  and  lymph node PFC re s p o n s e .  I n j e c t i o n  o f  
Con A two days p r i o r  to  a n t ig e n ,  d e p re s s e d  th e  r e s p o n s e ;  how ever, 
when Con A was i n j e c t e d  two days a f t e r  a n t ig e n  th e  re s p o n se  was 
enhanced  (R om ball e t  a l . ,  19 7 5 ). I f  Con A i s  g iv e n  s im u lta n e o u s ly  
(C a v o li e t  a l . ,  1976) th e  a n tib o d y  re s p o n se  o c c u rre d  b u t  th e  c y c l in g  
p a t t e r n  was e l im in a te d ,  w h ich  I n d ic a te d  t h a t  s u p p re s s o r  c e l l s  w hich  
c o n t r o l l e d  th e  re sp o n se  w ere  in f lu e n c e d  in^ v iv o  by th e  m ito g e n , and 
t h a t  th e y  w ere  p o s s ib ly  g e n e ra te d  i n  th e  s p le e n ,  s in c e  th e  c y c l in g  
p a t t e r n  was a b s e n t  when th e  a n t ig e n  was g iv e n  s u b c u ta n e o u s ly .
F i n a l l y ,  Rom ball and  W elg le  (1977) p ro d u ced  f u r t h e r  e v id e n c e  f o r  
th e  p re s e n c e  o f  T c e l l  a c t i v a t i o n  i n  th e  s p le e n  when th e y  showed 
t h a t  sp len ec to m y  a b ro g a te d  th e  m e s e n te r ic  lymph node PFC re sp o n se  
a f t e r  im m u n iz a tio n , and c y c l i c a l  a n tib o d y  p ro d u c tio n  was a l s o  
a b o l is h e d  as  th e  r e s u l t  o f  sp len ec to m y  p r i o r  to  a n t ig e n  im m u n iz a tio n . 
They co n c lu d ed  t h a t  a n tib o d y  fo rm in g  p r e c u r s o r s  and s u p p re s s o r  c e l l s  
a r e  a c t i v a t e d  in  th e  s p le e n  fo llo w in g  im m u n iza tio n  l v ,  and  th e n  
c i r c u l a t e  i n t o  o th e r  p e r ip h e r a l  lym phoid  t i s s u e .  S u p p o rt f o r  th e  
p re s e n c e  o f  c i r c u l a t i n g  s u p p re s s o r  c e l l s  was o f f e r e d  by L u z z a t i  and 
L a f le u r  (1976) who showed t h a t  n y lo n  w ool a d h e re n t s u p p re s s o r  c e l l s
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i n  th e  r a b b i t  p e r ip h e r a l  b lo o d  lym phocyte p o o l (PBL) co u ld  s u p p re s s  
a u to lo g o u s  s p le e n  c e l l  re sp o n s e s  to  SRBC w h ile  n o n -a id h e ren t PBL 
co u ld  n o t .
S u p p re s so r  c e l l  a c t i v i t y  h a s  b een  d e te c te d  in  v a r io u s  lym phoid  
o rg an s  w hich in c lu d e  a  bone marrow s l g  b e a r in g  s u p p re s s o r  c e l l  w hich 
i s  i n s e n s i t i v e  to  ATS, and  w hich  i s  c a p a b le  o f  s u p p re s s in g  th e  in d u c t io n  
o f  IgM by a u to lo g o u s  r a b b i t  lymph node c e l l s  (Okumwa and K ern , 1 9 7 5 ). 
However, t h i s  c e l l  was n o t  d e s ig n a te d  a  B - c e l l  and p ro p e r ly  s o ,  s in c e  
t h e i r  ATS p r e p a r a t io n  h as  been  ab so rb e d  w ith  bone marrow c e l l s .  I t  
h a s  been  s u g g e s te d  by o th e r s  t h a t  bone marrow c e l l s  p o s s e s s  low 
l e v e l s  o f  RTLA and h ig h  l e v e l s  o f  a n o th e r  thymus a n t ig e n  (Redelm an 
e t  a l . ,  1 9 7 6 a ). P e r ip h e r a l  b lo o d  ly m p h o cy tes , in c lu d in g  T - c e l l s  
b e a r in g  s l g  ( S e l l ,  1973) c o u ld  h ave  c o n ta m in a te d  th e  bone marrow 
s u p p re s s o r  c e l l  p r e p a r a t io n .  Kamin e t  a l .  (1974) r e p o r te d  t h a t  
T - c e l l s  i s o l a t e d  from  th e  ap p en d ix  w ere  r e s p o n s ib le  f o r  s u p p re s s in g  
se c o n d a ry  in  v i t r o  s p le e n  c e l l  re sp o n se s  to  SRBC, h o r s e  RBC, o r  
azo p h en y l B - la c to s id e  key h o le  l im p e t hem ocyan in . S u p p re s s io n  o f  
s p le e n  c e l l  re sp o n s e s  a l s o  o c c u rre d  w ith  c e l l s  from  th e  p e y e rs  p a tc h  
and may e x p la in  why ap p e n d ix  c e l l s  a r e  u n a b le  t o  re sp o n d  to  a n t ig e n  
(Kamin e t  a l . ,  1 9 7 4 ); B ehelak  and R ic h te r ,  1 9 7 2 ).
T -s u p p re s s o r  c e l l s  in d u c e d  by c o n c a n a v a lin  A.
Im m unolog ical i n v e s t i g a t i o n s  have  i n  r e c e n t  y e a r s ,  en d eav o red  
to  e s t a b l i s h  w h e th e r  T -h e lp e r  and T -s u p p re s s o r  e f f e c t s  on th e  hum oral 
a n tib o d y  re sp o n se  a r e  m e d ia te d  by th e  same o r  s e p a r a t e  T - c e l l  popu­
l a t i o n s .  The l i t e r a t u r e  su rv e y  w hich  fo llo w s  i s  b a se d  on th e  b e l i e f  
t h a t  m itogen  in d u ced  T - c e l l  a c t i v i t i e s  p a r a l l e l  a n t ig e n  in d u c ed  
a c t i v i t i e s  (M o lle r ,  1 9 7 0 ).
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Rich and F ie r c e  (1972) showed t h a t  th e  a d d i t io n  o f  C o n can av a lln  
A (Con A ), a  T - c e l l  m itogen  (A nderson  e t  a l . ,  19 7 2 ), t o  mouse s p le e n  
c e l l s ,  in  m ito g e n lc  c o n c e n t r a t io n s ,  i n h i b i t e d  t h e i r  re sp o n se  to  
a n t ig e n  ln^ v i t r o . D u tton  (1972) made s i m i l a r  o b s e rv a t io n s  and 
d e m o n s tra te d  t h a t  c e l l s  p u ls e d  w ith  Con A f o r  b r i e f  p e r io d s  co u ld  
l ik e w is e  s u p p re s s  u n t r e a te d  s p le e n  c e l l s  o r  co u ld  r e s t o r e  re s p o n se s  
In  T - c e l l  d e p le te d  c u l t u r e s .  T h is  in d i c a te d  th a t  e i t h e r  two e f f e c t o r  
c e l l  s u b p o p u la t io n s  w i th in  th e  T - c e l l  com partm ent w ere  b e in g  s tim u ­
l a t e d  by th e  m ito g en  o r  th e  same c e l l s  had  d i f f e r e n t  f u n c t io n s  
dep en d in g  upon th e  sy s te m . In  a  su b se q u e n t p a p e r  D u tton  (1973) 
s e p a r a te d  Con A in d u c e d  T - c e l l s  w ith  s u p p re s s iv e  a c t i v i t y  from  
th o s e  show ing h e lp e r  a c t i v i t y .  The Con A s t im u la te d  Ts c e l l  was 
s h o r t  l i v e d  and r a d i o s e n s i t i v e  w h ile  th e  T^ c e l l  was l e s s  r a d io ­
s e n s i t i v e  and he  s u g g e s te d  t h a t  th e s e  e f f e c t s  (h e lp  vs s u p p re s s io n )  
w ere  m e d ia te d  by s e p a r a t e  d e l l  s u b p o p u la t io n s . S c a v u l i  and D utton
(1975) p r e s e n te d  a d d i t i o n a l  s u p p o r t  to  th e  r e g u la to r y  c e l l  su b ­
p o p u la t io n  c o n c e p t.  They g e n e ra te d  s u p p re s s o r  c e l l s  by c u l tu r in g  
s p le e n  c e l l s  f o r  48 h o ru s  w i th  Con A, w h ile  h e lp e r  c e l l s  w ere  o b ta in e d  
by s t im u la t in g  i r r a d i a t e d  s p le e n  c e l l s  (1000 ra d s )  w ith  Con A f o r  
48 h o u r s .  I f  s t im u la t o r  and s u p p re s s o r  c e l l s  w ere  m ixed th e  re sp o n se  
i n  th e  a s s a y  sy stem  depended upon th e  r e l a t i v e  num ber o f  th e  two c e l l ' ,  
ty p e s  and  n o t  th e  t o t a l  number o f  c e l l s  ad d ed . T rea tm en t o f  i n h i b i t o r  
c e l l s  w ith  ATS and  com plem ent c o n s i s t e n t l y  e l im in a te d  s u p p re s s o r  
a c t i v i t y .  Thus th e  i n h i b i t i o n  o b se rv e d  i s  n o t  r e l a t e d  t o  th e  number 
o f  c e l l s  p r e s e n t  b u t  r a t h e r  upon an  a c t iv e  fu n c t io n  o f  th o se  c e l l s  and 
d a ta  f u r t h e r  s u p p o r ts  th e  e x i s t e n c e  o f  s e p a r a t e  s u b p o p u la t io n s  w ith  
d i f f e r e n t  f u n c t io n s .
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In  a  s e r i e s  o f  lu c id  p a p e rs  P ie r c e  and h i s  group c h a r a c te r i z e d  
th e  s u p p re s s o r  a c t i v i t y  d is p la y e d  by Con A s t im u la te d  T - c e l l s  and 
a  s u p p re s s o r  f a c t o r  r e le a s e d  from  th e s e  c e l l s .  R ich  and P ie r c e  
(1974) p ro d u ced  s u p p re s s iv e  c u l tu r e  f l u i d  from  Con A s t im u la te d  mouse 
s p le e n  c e l l s  t h a t  th e y  c a l l e d  s o lu b le  immune re sp o n se  s u p p re s s o r  
(S IR S ). SIRS ap p e a re d  in  s u p e r n a ta n t  f l u i d s  w i th in  6 h o u rs  o f  
Con A s t im u la t io n  and i t  p ro fo u n d ly  s u p p re s se d  th e  in  v i t r o  immune 
re sp o n s e  o f  no rm al s p le e n  c e l l s  to  SRBC. SIRS e x e r te d  i t s  e f f e c t  d u r in g  
th e  f i r s t  24 h o u rs  o f  c u l t u r e ,  how ever s u p p re s s io n  o f  PFC l e v e l s  
does n o t  o c c u r  u n t i l  a f t e r  96 h o u rs  o f in c u b a t io n .  They co n c lu d ed  
th a t  SIRS a p p e a re d  to  f u n c t io n  d u r in g  an  e a r ly  a n t ig e n  d ep en d e n t 
phase  o f  th e  re s p o n se  w hich r e s u l t e d  i n  a b o r t io n  o f  th e  re sp o n se  
d u r in g  th e  l a t e r  lo g r i th e m ic  e x p a n s io n  o f  a n tib o d y  s y n th e s iz in g  c e l l s .
SIRS was p h y s ic a l ly  and  c h e m ic a lly  c h a r a c te r i z e d  (Tadakuma 
e t  a l . ,  1 9 7 6 ), a s  a  g ly c o p r o te in ,  w ith  a  m o le c u la r  w e ig h t o f  48 ,000  
to  6 7 ,0 0 0  w hich  does n o t  a b so rb  a n t ig e n  o r  c o n ta in  any immuno­
g lo b u l in  d e te rm in a n ts .  I t  i s  s t a b l e  a t  56°C , b u t  d e s tro y e d  a t  70°C 
and a t  pH 2 . I t  can  be  a b so rb e d  by m urine  s p le e n  o r  thymus c e l l s  
b u t  n o t  k id n e y  c e l l s  and i s  found  i n  s u p e r n a ta n t  f l u i d s  w hich  a l s o  
c o n ta in  a n o th e r  T - c e l l  p r o d u c t ,  th e  m ig ra t io n  i n h i b i t o r y  f a c t o r  (MIF) 
t h a t  e f f e c t s  m acrophage f u n c t io n .  B oth SIRS and  MIF e x h i b i t  
s i m i l a r  p r o p e r t i e s  and th e y  a r e  u n a b le  to  d i s s o c i a t e  one from  th e  
o th e r .  The r e s u l t s  s u g g e s te d  t h a t  SIRS and MIF m igh t be  th e  same 
f a c t o r  w ith  two f u n c t io n s  and t h a t  p e rh a p s  th e  s i t e  o f  a c t io n  o f  SIRS 
was th e  same as MIF, th e  m acrophage. Tadakuma and P ie r c e  (1976) 
d e m o n s tra te d  t h a t  a  b r i e f  2 h o u r  ex p o su re  o f  s p le e n  c e l l s  to  SIRS,
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was a s  f u l l y  s u p p re s s iv e  as  e x p o su re  f o r  th e  e n t i r e  c u l tu r e  p e r io d  
(4 d a y s ) . E xposure o f  p l a s t i c  a d h e re n t  s p l e n i c  o r  p e r i t o n e a l  c e l l s  
to  SIRS a l s o  s u p p re s s e d  th e  day 4 a n t i  SRBC PFC re s p o n se  when added  
to  u n t r e a te d  s p le e n  c e l l s  o r  to  p l a s t i c  n o n a d h e re n t c e l l s ,  t r e a tm e n t  
o f  th e  a d h e re n t  f r a c t i o n  w ith  a n t i  t h e t a  ( T - c e l l  s p e c i f i c  a n tis e ru m )  
p lu s  com plem ent, d id  n o t  r e v e r s e  SIRS in d u c e d  s u p p re s s io n  b u t when 
f r e s h  u n t r e a te d  p e r i t o n e a l  m acrophages w ere added th e  re sp o n se  
r e tu r n e d  to  no rm al l e v e l s .  SIRS in d u c e d  s u p p re s s io n  was a l s o  shown 
i n  a  T -ln d e p e n d e n t a n t ig e n  re s p o n s e  i n d i c a t i n g  t h a t  i t s  mode o f  
a c t i o n  was in d e p e n d e n t o f  T -h e lp e r  c e l l s .  They co n c lu d ed  t h a t  
SIRS in d u c ed  s u p p re s s io n  was m e d ia te d  by  m acrophages .
I t  was shown t h a t  SIRS was p ro d u ced  by  a  Ly l “ 2+ 3+ T - c e l l  
(Tadakuma and P i e r c e ,  1 9 7 5 ;;J a n d in s k i  e t  a l . ,  1976) and t h a t  th e  
s u p p re s s io n  was a c t i v e ,  i . e . ,  d id  n o t i n a c t i v a t e  m acrophage f u n c t io n ,  
and began  24 h o u rs  a f t e r  DNA s y n th e s i s  d e c re a se d  in  t r e a t e d  c u l tu r e s  
(a b o u t day 3 ) .  I f  SIRS p u ls e d  m acrophages w ere  p la c e d  i n  a  s m a ll  
d i f f u s io n  cham ber and c u l tu r e d  w i th  norm al c e l l s ,  s u p p re s s io n  o f  
th o s e  c e l l s  was o b s e rv e d . T hus, th e y  co n c lu d ed  t h a t  SIRS a c t i v i t y  
was i n d i r e c t  and  m e d ia te d  by an a d d i t i o n a l  a r r a y  o f  s o lu b le  p ro d u c ts  
r e le a s e d  by SIRS s t im u la te d  m acrophages. They s u g g e s te d  t h a t  b e c a u se  
o f  th e  n a tu r e  o f  th e  k i n e t i c s  o f  th e  re s p o n s e  o f  c u l tu r e s  w ith  SIRS, 
t h a t  th e  s u p p re s s io n  was due to  a  l i m i t a t i o n  o f  B - c e l l  p r o l i f e r a t i o n  
r a t h e r  th a n  d i f f e r e n t i a t i o n .
R ecen t e v id e n c e  p r e s e n te d  by Markham e t  a l .  (1 9 7 7 ), s u g g e s te d  
t h a t  Con A in d u c e d  T s u p p re s s o r  c e l l s  can a l s o  a f f e c t  th e  a c t i v i t y  
o f  T a m p l i f i e r  c e l l s  (Tg c e l l s )  a s  w e l l  a s  th e  p r o l i f e r a t i n g  B - c e l l .
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I f  Con A I s  g iv e n  2 days a f t e r  th e  T - ln d e p e n d e n t a n t ig e n  S S S - I I I  
( i . e . , r e q u i r e s  no T h e lp e r  f u n c t io n  f o r  a n tib o d y  s y n th e s i s )  th e  
re sp o n s e  was trem en d o u sly  enhan ced  in  no rm al m ice . I f  how ever, 
nude m ice (a th y m ic ) w ere u se d , no enhancem ent o f  th e  no rm al re s p o n se  
was in d u c ed  by Con A. T h is  i n d i c a t e d  th a t  enhancem ent o f  th e  a n t i -  
S S S -I I I  re sp o n se  was d ep en d e n t upon th e  p re s e n c e  o f  a  T - c e l l  w ith  
a m p l i f i e r  a c t i v i t y  on B - c e l l s  re sp o n d in g  to  a n t ig e n .  T h is  c e l l  
rem ained  u n d e te c ta b le  in  th e  no rm al mouse u n le s s  th e  i n h i b i t o r y  
e f f e c t  o f  th e  Ts c e l l  was rem oved by  e i t h e r  Con A g iv e n  a t  th e  
a p p r o p r ia te  tim e  o r  by i n j e c t i o n s  o f  ALS (Markham e t  a l . ,  1 9 7 7 ) .
R a b b it c e l l s  from  th e  s p le e n  a l s o  p o s s e s s  th e  a b i l i t y  to  become 
s u p p re s s iv e  fo l lo w in g  s t im u la t io n  w i th  Con A. Roszman (1975) 
s tu d ie d  th e  se c o n d a ry  a n t ib o d y  re s p o n s e  o f  s p le e n  and lymph node 
c e l l  c u l tu r e s  to  SRBC, and found t h a t  a d d i t io n  o f  in c r e a s in g  concen­
t r a t i o n s  o f  Con A co u ld  c o m p le te ly  i n h i b i t  th e  PFC re s p o n s e s  o f  
b o th  c e l l  p o p u la t io n s .  Con A was m ost e f f e c t i v e  i f  added d u r in g  th e  
f i r s t  24 h o u rs  o f  c u l t u r e ,  and a s  l i t t l e  as  2 h o u rs  e x p o su re  o f  s p le e n  
c e l l s  to  Con A s i g n i f i c a n t l y  re d u c e d  t h e i r  su b se q u e n t anti-SR B C  
PFC re s p o n s e . F u r th e r ,  s u p e r n a ta n t  f l u i d s  from  4 h o u r  Con A p u ls e d  
s p le e n  c e l l s  w ere  c a p a b le  o f  re d u c in g  th e  PFC re sp o n se  o f  no rm al 
n o n - t r e a te d  c e l l s .  He co n c lu d ed  t h a t  r a b b i t  s p le e n  c e l l s  w ere 
s i m i l a r  to  th e  mouse sy s te m , a l th o u g h  he p r e s e n te d  no e v id e n c e  t h a t  
th e  c e l l  r e s p o n s ib le  f o r  th e  s u p p r e s s iv e  e f f e c t  was a  T - c e l l .
E v id en ce  t h a t  th e  Con A in d u c e d  s u p p re s s iv e  e f f e c t  i n  r a b b i t  
s p le e n  c e l l s  i s  th e  r e s u l t  o f  a  m ito g en  a c t i v a t e d  T - c e l l  comes from  
th e  work o f  Redelman e t  a l .  (1 9 7 6 ) . They showed t h a t  Con A s t im u la te d  
r a b b i t  s p le e n  o r  p e r ip h e r a l  b lo o d  lym phocy tes c o u ld  s u p p re s s  th e  PFC
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re s p o n s e  when added  to  no rm al u n t r e a te d  c e l l s  I n  th e  p re se n c e  o f  
a n t ig e n .  S p leen  c e l l s  t r e a t e d  b e f o r e  o r  a f t e r  Con A s t im u la t io n  
w ith  ATS p lu s  com plement l o s t  t h e i r  a b i l i t y  to  s u p p re s s ,  w hereas 
tr e a tm e n t  o f  th e  c u l tu r e s  to  ATS w ith o u t  com plem ent was a l s o  e f f e c t i v e  
b u t  n o t  to  th e  same d e g re e  as  w ith  com plement t r e a tm e n t .  A d d itio n  
o f  Con A a t  24 h o u r  I n t e r v a l s  showed a  d e la y e d  s u p p re s s iv e  e f f e c t ,  In  
t h a t  c e l l s  c o n tin u e d  to  re sp o n d  and p ro d u ce  PFC f o r  ab o u t 24 h o u rs  
a f t e r  Con A was added  and th e n  th e  PFC l e v e l  rem ained  a t  t h a t  l e v e l  
f o r  th e  d u r a t io n  o f  th e  c u l t u r e  p e r io d .  They c o n c lu d ed  t h a t  th e  
s u p p re s s iv e  a c t i v i t y  m e d ia te d  by Con A s t im u la te d  r a b b i t  T - c e l l s  I s  
e x e r te d  d i r e c t l y  on th e  p r o l i f e r a t i n g  B - c e l l s , t o r  t h e i r  im m ediate  
p r e c u r s o r s .
A d h e ren t s u p p r e s s o r  c e l l s  (m ac ro p h ag es) .
I n  a d d i t i o n  to  th e  c o o p e ra t iv e  r o l e  m acrophages e v id e n t ly  p la y  
d u r in g  th e  in d u c t io n  o f  th e  immune re sp o n s e  th e  c e l l  a l s o  may p ro d u ce  
i n h i b i t o r y  a c t i v i t i e s  a s  w e l l .  The m echanism  by irtiich  i t  e x e r t s  
s u p p re s s io n  may v a r y ,  y e t  i n  a  number o f  sy stem s th e  p re s e n c e  o f  th e  
m acrophage lo w ers  th e  re sp o n se  to  a n t ig e n  Or m ito g e n ic  s t im u la t io n .
In  m ost s tu d i e s  th e  e v id e n c e  th a t  a  m acrophage p a r t i c i p a t e s  In  a  
h e l p e r  o r  s u p p r e s s o r  c a p a c i ty  i s  I n f e r r e d  by v i r t u e  o f  i t s  a b i l i t y  to  
ad h e re  to  i n e r t  s u r f a c e s  su ch  a s  p l a s t i c  o r  g la s s  and  by m o rp h o lo g ic a l 
ap p e a ra n c e  o r  i t s  a b i l i t y  to  p h a g o c y tiz e  p a r t i c l e s  (van  F u r th ,  1 9 7 0 ). 
Thus i n  many s tu d ie s  t e n t a t i v e  o r  s u g g e s t iv e  r e s u l t s  have  im p l ic a te d  
th e  m acrophage o r  i t s  p r e c u r s o r ,  th e  b lo o d  m onocyte, a s  p a r t  o f  th e  
r e g u la to r y  c o n t r o l  o f  th e  immune re s p o n s e , when in  f a c t  th e  e v id e n c e  
i s  i n d i r e c t .
33
Non T a d h e re n t  c e l l s  h a r v e s te d  from  M aloney m urine  sarcom a v i r u s  
i n f e c t e d  m ice can  i n h i b i t  p h y to h e m a g g lu tin in  (PHA, a  T - c e l l  m itogen ) 
In d u ced  DNA s y n th e s i s  i n  c e l l s  c o l l e c t e d  from  norm al an im als  
(K lrc h n e r  e t  a l . ,  1 9 7 5 ). S im i la r  f in d in g s  w ere o b se rv e d  when non 
T a d h e re n t  s p le e n  c e l l s  from  tum or b e a r in g  m ice d ev e lo p e d  l e s s  
c y to to x ic  a c t i v i t y  a g a in s t  a l l o a n t i g e n  th a n  norm al s p le e n  c e l l s  
(E ggers and W u n d e rlich , 1 9 7 5 ).
In  an e a r l y  r e p o r t ,  P ark h o u se  and D u tto n  (1966) showed t h a t  
a l v e o la r  o r  p e r i t o n e a l  m acrophages from  r a b b i t s ,  s u p p re s se d  DNA 
s y n th e s is  in  a u to lo g o u s  r a b b i t  s p le e n  c e l l s  w hich  w ere re sp o n d in g  
to  s o lu b le  o r  p a r t i c u l a t e  a n t ig e n s .  They a l s o  n o te d  t h a t  th e  a d d i t io n  
o f  c r y s t a l l i n e  s i l i c a ,  w hich  i s  c y to to x ic  f o r  mammalian m acrophages, 
to  s p le e n  c e l l s  r e s u l t e d  i n  a  s l i g h t  e l e v a t i o n  i n  a n t ig e n  s t im u la t io n  
o f  DNA s y n th e s i s .  They c o n c lu d ed  t h a t  a  d i r e c t  i n t e r a c t i o n  be tw een  
lym phoid  c e l l s  and m acrophages was r e s p o n s ib le  f o r  th e  s u p p re s s io n .
G i l l e t e  (1977) showed enhanced  DNA s y n th e s i s  in  n o n a d h e re n t 
c e l l s  c o l l e c t e d  from  mouse s p le e n  c e l l s  i n  th e  p re s e n c e  o f  T - c e l l  
m itogen  b u t  n o t  when th e y  w ere  o b ta in e d  from  th e  lymph n o d e . A dheren t 
c e l l s  from  th e  s p le e n  when added , d e p re s s e d  th e  re sp o n se  even  a f t e r  
t r e a tm e n t  w ith  a n t l - t h e t a  a n t is e ru m . He p ro p o se d  t h a t  h e t e r o g e n ic i ty  
o f  th e  a d h e re n t  c e l l  p o p u la t io n  e x i s t e d  w here  one c e l l  ty p e , AD-S 
(fo u n d  e x c lu s iv e ly  i n  th e  s p le e n )  s u p p re s se d  DNA s y n th e s i s  and th e  
o th e r  AD-L (fo u n d  in  b o th  s p le e n  and  lymph node) enhanced  i t .
P ta k  and G ershon (1975) showed t h a t  th e  i n  v i t r o  immune re s p o n s e  
to  a n t ig e n  by sy n g e n e ic  o r  a l lo g e n e ic  s p le e n  c e l l s  w ere s u p p re s s e d  when 
e i t h e r  l i v e  o r  dead  mouse m acrophages w ere  added to  c e l l  c u l t u r e s .
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Dead c e l l s  w ere  l e s s  s u p p r e s s iv e ,  I n  t h a t  th e  a s sa y  re sp o n se s  w ere 
o n ly  a f f e c t e d  when th e  c e l l s  w ere added a t  c u l tu r e  I n i t i a t i o n ,  w h ile  
l i v e  m acrophages w ere a c t i v e  when added up to  two days fo llo w in g  
c u l t u r e .  They n o te d  th a t  th e  s u p p re s s io n  m e d ia te d  by th e  dead macro-? 
phages was more e f f e c t i v e  when th e  c o n t r o l  c u l tu r e  re s p o n s e s  w ere 
low . They co n c lu d ed  t h a t  th e  s u r f a c e  o f  th e  m acrophage c e l l  
i r r e v e r s i b l y  b in d s  l i m i t i n g  am ounts o f  e s s e n t i a l  c o o p e ra tin g  f a c to r s  
r e le a s e d  by ly m p h o cy tes , th u s  b lo c k in g  c o o p e ra t iv e  e v e n ts .
W eiss and F i tc h  (1978) r e p o r te d  t h a t  r a t  s p le e n  c e l l s ,  n o rm a lly  
u n re sp o n s iv e  t o  a n t ig e n  in  v i t r o  become re s p o n s iv e  and  p roduced  
s p e c i f i c  PFC a g a i n s t  SBBC when a d h e re n t  c e l l s  w ere  rem oved. Thus 
th e  c e l l  r e s p o n s ib le  f o r  th e  u n re s p o n s iv e n e s s  o f  r a t  s p le e n  c e l l s  
was th e  s p le n i c  m acrophage. F o lc h  and  Waksman (1973) r e p o r te d  
s i m i l a r  f in d in g s  u s in g  g la s s  w ool s e p a r a t io n  b u t  co n c lu d ed  t h a t  th e  
s u p p re s s o r  c e l l  was a  T - c e l l  a d h e re n t to  g la s s  m e d ia tin g  th e  e f f e c t .
An e x p la n a t io n  o f  th e s e  a p p a re n t ly  c o n t r a d ic to r y  f in d in g s  may in v o lv e  
th e  la c k  o f  a b s o lu te  s e p a r a t io n  o f  one c e l l  ty p e  from  th e  o th e r .
O th e r  r e p o r t s  s u g g e s te d  t h a t  th e  m acrophage r e l e a s e s  s o lu b le  
i n h i b i t o r y  p r o d u c ts .  T hese in c lu d e  a  low m o le c u la r  w e ig h t m o lecu le  
t h a t  i n h i b i t s  DNA s y n th e s i s  o f  tra n s fo rm e d  o r  m itogen  s t im u la te d  
c e l l s  (C a ld e ro n  e t  a l . ,  1 9 7 4 ); and  s u p p re s s iv e  s u p e r n a ta n t  f l u i d s  from  
a d h e re n t  c e l l s  t h a t  have th e  c a p a c i ty  to  cau se  no rm al c e l l s  to  become 
s u p p re s s iv e  to  th e  p a s s iv e  t r a n s f e r  o f  c o n ta c t  s e n s i t i v i t y  (Zembla 
and A s h e r s o n , ,1974; A sherson  and Zem bla, 1 9 7 4 ). Waldman e t  a l .
(1973) showed t h a t  g la s s  o r  p l a s t i c  a d h e re n t  r a t  p e r i t o n e a l  m acro­
phages s u p p re s s e d  DNA, RNA, and p r o t e i n  s y n th e s i s  i n  n o n a d h e re n t c e l l
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p o p u la t io n s .  S u p e rn a ta n t  f l u i d s  c o l l e c t e d  from  th e s e  a d h e re n t c e l l s  
w ere s u p p re s s iv e  a lth o u g h  n o n c y to to x lc ,  when added  to  e i t h e r  
n o n a d h e re n t o r  no rm al s p le e n  c e l l s .  The s u p p re s s iv e  a g e n t was a l s o  
low In  m o le c u la r  w e ig h t ,  d i a ly z a b l e ,  and h e a t  s t a b l e .  They r e l a t e d  
th e  a n a to m ic a l lo c a t io n  o f  th e  m acrophage to  f u n c t io n  in  th e  m ic ro ­
en v iro n m en t o f  th e  m a rg in a l zone s u r ro u n d in g  th e  p e r i a r t e r i o l a r  
s h e a th ,  w here T - c e l l s  p a s s  in t o  th e  s p le e n  v ia  th e  m a rg in a l zo n e .
They co n c lu d ed  t h a t  th e  m acrophage s u p p re s s io n  was p a r t  o f  th e  
h o m e o s ta tic  b a la n c e  be tw een  s u p p re s s iv e  and  s t im u la t o r  f a c t o r s  
r e le a s e d  i n  re sp o n se  to  a n t ig e n ic  s t im u la t io n .
M acrophages have b een  shown to  p ro d u ce  and e l a b o r a t e  q u a n t i t i e s  
o f  p r o s ta g la n d in  (FG) (Webb e t  a l . ,  1976) w hich s u p p re s s e s  th e  
re sp o n se  o f  mouse c e l l s  from  th e  s p le e n  to  T - c e l l  m ito g en s  (Goodwin 
e t  a l ,  1 9 7 7 ). I n h i b i t i o n  o f  PG s y n th e s i s  w ith  in d o m e th a c in  r e s u l t e d  
in  in c r e a s e d  DNA s y n th e s i s  o v e r  no rm al v a lu e s  by no rm al s p le e n  
c e l l s .  H owever, th e y  f a i l e d  t o  o b se rv e  in c r e a s e d  DNA s y n th e s i s  when 
s p le e n  c e l l s  w ere  d e p le te d  o f  a d h e re n t  c e l l s ,  and o b ta in e d  d e c re a se d  
re s p o n s e s  i n s t e a d .  They s u g g e s te d  t h a t  two s u b p o p u la t io n s  o f  m acro­
phages e x i s t  i n  th e  mouse s p le e n ,  one r e s p o n s ib le  f o r  s u p p re s s io n  v ia  
PG p ro d u c t io n  and th e  o th e r  in v o lv e d  i n  f a c i l i t a t i n g  th e  re sp o n se
o f  T - c e l l s  to  th e  m ito g e n . O th e rs  have  r e p o r te d  th e  i n h i b i t o r y  e f f e c t
o f  m acrophage p ro d u ced  PG i s  e x e r te d  on th e  T^ c e l l s  and i s  m ost
e f f e c t i v e  when th e  re s p o n s e  i s  low to  m o d e ra te  (Webb and N ow ow iejsk i,
1977) .
A r e c e n t  r e p o r t  s t a t e s  t h a t  m acrophages s t im u la te d  by l i p o p o ly -  
s a c c h a r id e  (LPS) r e l e a s e  a r g in a s e ,  w hich  in  tu r n  c a u se s  th e  d e a th  o f
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tum or c e l l s .  The a u th o rs  s u g g e s te d  th a t  c e l l  d e a th  was th e  r e s u l t  
o f  a r g in in e  d e p r iv a t io n  s in c e  th e  e f f e c t  co u ld  be r e v e r s e d  by 
th e  a d d i t io n  o f  L -a rg in in e  o r  L - c i t r u l l i n e  b u t  n o t  by exogenous 
L - o r n l th ln e  o r  p u t r e s c l n e ,  and t h a t  th e  e f f e c t  was i n h i b i t i o n  o f  
p r o t e i n  s y n th e t i c  pathw ays e s s e n t i a l  f o r  c e l l  s u r v iv a l  t h a t  depend 
upon a r g in in e  ( C u r r ie ,  1 9 7 8 ).
Chapter 2
D e te c t io n  o f  Immune R esponse S u p p re s so r  C e l ls  and S u p e rn a ta n t  
F lu id s  from  C o n can av a lin  A S tim u la te d  C u ltu re s  o f  R a b b it S p lee n  C e l ls
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INTRODUCTION
The p re s e n c e  o f  r e g u la to r y  c e l l s  w hich  m o d u la te  th e  Immune 
re sp o n s e  o f  th e  r a b b i t  h as  b een  d e m o n stra te d  o r  Im p l ic a te d  In  a 
number o f  e x p e r im e n ta l  s i t u a t i o n s  in c lu d in g  a n t ig e n ic  c o m p e tit io n  
(A rn o ld , 1 9 7 5 ), a l lo ty p e  s u p p re s s io n  (A d le r , 1 9 7 6 ), c y c l i c a l  
f l u c t u a t i o n s  o f  re sp o n se  (C a v o li e t  a l . ,  1 9 7 6 ), and th e  i n a b i l i t y  
o f  p e r ip h e r a l  b lo o d  lym phocy tes (L u z z a ti  and L a F le u r , 1976) and 
ap p en d ix  c e l l s  (Kamin e t  a l . ,  1974) to  re sp o n d  to  a n t ig e n ic  s t im u la t io n .  
D em o n s tra tio n  o f  s u p p re s s iv e  c e l l s  and f a c t o r s  i n  th e  r a b b i t  u s in g  
in  v i t r o  immune re sp o n s e s  h a s  b e e n  ham pered by th e  g e n e t ic  d i v e r s i t y  
o f  th e  e x p e r im e n ta l  an im a l and th e  d i f f i c u l t i e s  e n c o u n te re d  in  
e s t a b l i s h i n g  a  r e l i a b l e  and an a d e q u a te  i n  v i t r o  a n tib o d y  a s s a y  sy stem  
(Redelm an e t  a l . ,  1 9 7 5 ).
I n v e s t i g a t io n s  by o th e r s  (Redelman e t  a l . ,  1975; M etzger e t  a l . ,
1 9 7 7 ), and  r e s e a r c h  e f f o r t s  i n  o u r  la b o r a to r y  h av e  shown c o n s i s t e n t  
and s i g n i f i c a n t  p la q u e  fo rm in g  c e l l  (PFC) re s p o n s e s  to  SRBC and 
h a p te n - p r o te in  c o n ju g a te s  i n  v i t r o  ( s e e  A p p en d ix ), w hich  h a s  p e rm i t te d  
an  i n v e s t i g a t i o n  in t o  th e  r e g u la to r y  m echanism s w hich  o c c u r  d u r in g  
th e  immune re sp o n se  i n  th e  r a b b i t .
C o n can a v a lin  A (Con A ), a  p r o t e i n  e x t r a c te d  from  th e  ja c k  b ean  
C o n a v a lia  e n s i f o r m is , b in d s  to  th e  s u r f a c e  o f  ly m p h o cy tes , p r im a r i ly  
thymus d e r iv e d  c e l l s  (T c e l l s )  o f  th e  mouse (S to b o  e t  a l . ,  1972) 
and r a b b i t  ( S e l l  and S h ep p ard , 1 9 7 3 ), and in d u c e s  th e s e  c e l l s  to  undergo  
b l a s t  t r a n s f o r m a t io n .  I n  a d d i t io n  to  i t s  m ito g e n ic  p r o p e r t i e s  th e
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a c t i v i t y  o f  Con A h a s  b een  shown to  b e  s i m i l a r  to  a n t ig e n ic  
s t im u la t io n  i n  t h a t  i t  can  cau se  an In c r e a s e  i n  B c e l l  IgM p ro d u c tio n  
(A ndersson  e t  a l . , 1974) and  p ro v o k e  s u b p o p u la t io n s  w i th in  th e  T 
c e l l  p o p u la t io n  to  fu n c t io n  e i t h e r  p o s i t i v e l y ,  T h e lp e r  (T ^ ) , 
o r  n e g a t iv e ly ,  T s u p p re s s o r  (Ts ) w ith  r e s p e c t  to  r e g u la t io n  o f  th e  
immune re sp o n se  (D u tto n , 1973; D u tto n , 1972 ; R ich and P ie r c e ,  1973; 
R ich and P ie r c e ,  1974; S c a v u li  and D u tto n , 1975 ; Tadakuma and P ie r c e ,  
1976; J a n d ln s k i  e t  a l . ,  1 9 7 6 ). R ecen t e v id e n c e  s u g g e s ts  t h a t  Con A 
may a c t  in  a s i m i l a r  f a s h io n  i n  th e  r a b b i t  sy stem  (R edelm an, e t  a l ,  
1974; I t a t a n i  and Fung, 1974 ; D e la m e tte  e t  a l . ,  1975; Rom ball and 
W eig le , 1975; Roszman, 1975; C a v o li e t  a l . ,  1976 ; Redelman e t  a l . ,
1 9 7 6 ).
P re v io u s  o b s e r v a t io n  from  t h i s  l a b o r a to r y  (A rn o ld , 1975;
C hin , 1978) s u g g e s te d  t h a t  a  p o p u la t io n  o f  c e l l s  w ith  i n  v iv o  
s u p p re s s o r  a c t i v i t y  r e s id e  in  th e  r a b b i t .  As a  r e s u l t  o f  th e s e  
o b s e r v a t io n s ,  an i n  v i t r o  sy s te m , w h ich  w ould  p e rm it th e  a ssa y  
o f  s u p p re s s o r  a c t i v i t y ,  w as e s t a b l i s h e d  to  i n v e s t i g a t e  th e  i d e n t i t y  
o f  th e  r e g u la to r y  c e l l  i n  th e  r a b b i t  lym phoid  p o p u la t io n  and  in s p e c t  
i t s  mode o f  a c t io n .
We chose to  i n v e s t i g a t e  th e  a c t io n  o f  th e  T c e l l  m ito g en  Con A 
on th e  in  v i t r o  immune re sp o n s e  o f  r a b b t i  s p le e n  c e l l s  to  th e  sheep  
re d  c e l l  a n t ig e n s  and th e  h a p te n ,  d in i t r o p h e n o l .
MATERIALS AND METHODS
A n im als .
New Z ea lan d  W hite r a b b i t s ,  w e ig h in g  1 .2  to  2 .0  k ilo g ra m s , 
m a in ta in e d  in  t h i s  l a b o r a to r y  w ere  r o u t i n e ly  u se d  i n  a l l  e x p e r im e n ts .
A n tig e n s .
Sheep re d  b lo o d  c e l l s  (SRBC), a s e p t i c a l l y  c o l l e c t e d  from  lo c a l  
sheep  (L .S .U . V e te r in a ry  S c ie n c e  D e p a rtm e n t) , w ere  s to r e d  a t  4°C 
in  A lse v o rs  s o lu t i o n  u n t i l  u s e d . Each e x p e rim e n t was p e rfo rm ed  
w ith  th e  same l o t  o f  SRBC f o r  b o th  a n t ig e n  s t im u la t io n  and f o r  PFC 
a s s a y .  D in it ro p h e n o l (DNP) was c o n ju g a te d  to  ovalbum in  (OVA) o r  b o v in e  
serum  a lbum in  (BSA) by th e  m ethod o f  E ise n  (E is e n  e t  a l . ,  1953) 
and was k in d ly  p ro v id e d  by Yee Hon C h in . A liq u o ts  o f  each  h a p te n  
c a r r i e r  c o n ju g a te  w ere  f i l t e r  s t e r i l i z e d  (0 .2 2  y p o re  s i z e  ) and 
s to r e d  a t  -20°C  in  one m i l l i l i t e r  volum es (1  mg p r o t e i n / m l ) .
In  v iv o  p r im in g  o f  r a b b i t  lym phoid sy s te m .
O
R a b b its  w ere i n j e c t e d  w ith  1 to  2 X 10 SRBC in t r a v e n o u s ly ,
5 to  8 days p r i o r  to  s p le e n  c e l l  c u l t u r e .  A l t e r n a t i v e l y ,  r a b b i t s  
w ere  g iv e n  3 mg p r o te in /m l  (DNF-OVA) in t r a v e n o u s ly  on th r e e  c o n s e c u t iv e  
days and s p le e n  c e l l s  w ere  h a r v e s te d  21 days l a t e r  f o r  c u l t u r e .
M edia.
M inim al e s s e n t i a l  medium (MEM) w ith  E ag le s  s a l t s  (G ib co , Grand 
I s l e ,  N .Y .) and  su p p lem en ts  w ere  u se d  to  m a in ta in  s p le e n  c e l l s  in  v i t r o
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Al
a c c o rd in g  Co th e  p r o to c o l  o f  M is h e ll  and D u tto n  (1 9 6 7 ) . T is s u e  c u l tu r e  
m edia was su p p lem en ted  w ith  MEM e s s e n t i a l  amino a c i d s ,  MEM n o n e s s e n t i a l  
amino a c i d s ,  MEM v i ta m in s ,  g lu ta m in e , sodium  p y ru v a te ,  gen tam ycin  
(S c h e r in g  C o rp .)  and p e n i c i l l i n  G (P a rk e -D a v is , D e t r o i t ,  M ic h .) .  
D ecom plem ented f e t a l  c a l f  serum  (PCS) ( I n t e r n a t i o n a l  B io lo g ic a l  Supply  
and A n a ly t ic a l  B io lo g ic a l  S ystem , I n c . ,  V in e la n d , N .J . )  was added to  
g iv e  a  10% s o lu t i o n  (MEM-10% FCS). F o r m ito g en  s t im u la t io n  and s o lu b le  
f a c t o r  p ro d u c t io n  th e  medium was su p p lem en ted  w ith  FCS to  2% (MEM-2%
FCS). Hanks b a la n c e d  s a l t  s o lu t i o n  (HBSS) was u sed  i n  a l l  n o n s t e r i l e  
m a n ip u la t io n s  and was p re p a re d  a s  p r e v io u s ly  d e s c r ib e d  (L an d ry , 1974) .
P r e p a r a t io n  and  c u l t u r e  o f  c e l l s  f o r  PFC re s p o n s e .
S p le e n s  w ere rem oved from  r a b b i t s ,  w hich  had  b een  e u th a n iz e d  
by i n t r a c a r d i a l  i n j e c t i o n  o f  a i r  o r  by e x s a n g u in a t io n ,  and w ere  
im m ed ia te ly  p la c e d  i n  c o ld  MEM-10% FCS. C e l ls  w ere  te a s e d  from  th e  
o rg an  c a p s u la r  membrane w ith  f i n e  to o th e d  fo rc e p s  w h ile  g e n t ly  
s c r a p in g  th e  c e l l  clum ps a c r o s s  a  c o a r s e  mesh w ire  s c r e e n .  The c e l l  
s u sp e n s io n  was f lu s h e d  th ro u g h  a  f i n e  mesh s c r e e n  (minimum p o re  s i z e  
74 m ic ro n s)  w ith  c o ld  medium, d e c a n te d  i n t o  c o n ic a l  c e n t r i f u g e  tu b e  and  
p la c e d  i n t o  an  i c e  b a th  f o r  10 m in u te s  to  a llo w  clum ped c e l l s  to  
s e t t l e .  The c e l l - c o n t a i n i n g  s u p e r n a ta n t  f l u i d s  w ere c e n t r i f u g e d  a t  1 ,0 0 0  
rpm a t  4 t o  10°C, and re su sp e n d e d  in  s u f f i c i e n t  medium to  make a 10% 
s u s p e n s io n .  The c e l l s  w ere  c o u n te d , v i a b i l i t i e s  w ere  d e te rm in e d  by  
t ry p a n  b lu e  dye e x c lu s io n  and th e  c e l l  s u sp e n s io n  was a d ju s te d  t o
Q
1 X 10 c e l l s / m l .  To each  in n e r  w e l l  cham ber o f  a  M arbrook v e s s e l  
(B -9000, B io -R e se a rc h  G la s s ,  I n c . ,  V in e la n d , N . J . ) ,  5 X 10** s p le e n  
c e l l s  and 5 X 10^ SRBC o r  0 .5  pg DNP-OVA o r  no a n t ig e n  f o r  c o n t r o l ,
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w ere d e l iv e r e d .  F in a l  volum e i n  th e  w e l l  was 0 .5  m l. The o u te r  
w e l l  c o n ta in e d  10 ml o f  MEM-10% FCS m e d ia . Each e x p e r im e n ta l  c o n d i t io n  
was p e rfo rm ed  i n  d u p l i c a te  c u l t u r e s ,  and a l l  c u l tu r e s  w ere p la c e d  in  
a  g a s - t i g h t  p l e x ig l a s s  box in  an  a tm osphere  o f  7% oxygen , 10% ca rb o n  
d io x id e ,  and 83% n i t r o g e n  f o r  5 days a t  35 to  38°C . The c u l tu r e  
box was f lu s h e d  d a i ly  f o r  30 m in u tes  w ith  th e  gas m ix tu re .
P la q u e -fo rm in g  c e l l  a s s a y s .
The p la q u e -fo rm in g  c e l l  (PFC) a s s a y  was done u s in g  a  m o d if ic a t io n  
o f  th e  l i q u i d  m onolayer te c h n iq u e  o f  Cunningham and S zen b erg  (1 9 6 8 ). 
D ir e c t  o r  IgM p ro d u c in g  PFC 's w ere  d e te rm in e d  from  a  minimum o f  4 
cham bers s e t  up on eac h  d i l u t i o n  u n d e r each  t e s t  c o n d i t io n .  On th e  
f i f t h  day o f  c u l t u r e  th e  s p le e n  c e l l s  w ere  c o l l e c t e d ,  p o o le d , w ashed 
once in  c o ld  HBSS, and a p p r o p r ia te  d i l u t i o n s  w ere  made dep en d in g  upon 
th e  d e g re e  o f  re s p o n se  e x p e c te d . From each  d i l u t i o n  0 .4  ml o f  th e  
s p le e n  c e l l  s u sp e n s io n  was added to  0 .0 4  ml 5% SRBC and 0 .0 4  ml g u in e a  
p ig  serum  d i l u t e d  1 :1 0  (com plem ent so u rc e )  and th e  m ix tu re  was d iv id e d  
among fo u r  m icro sco p e  s l i d e  cham bers and  s e a le d  w ith  h o t  w ax. The 
s l i d e s  w ere in c u b a te d  f o r  1 h o u r  a t  37°C and th e  number o f  PFC 's w ere 
co u n te d  u n d e r a  s t e r e o  d i s s e c t io n  sco p e  a t  13 X. The t o t a l  number o f  
PFC 's p e r  4 cham bers was d iv id e d  by 4 and  c o r r e c te d  f o r  d i l u t i o n .  The 
re sp o n se  was r e p o r te d  as  th e  PFC re sp o n se  p e r  5 X 10** c e l l s  c u l tu r e d .
The antl-D N P PFC re s p o n s e  was as d e s c r ib e d  above e x c e p t t h a t  DNP- 
BSA c o n ju g a te d  SRBC's (G old and F u d enberg , 1967) w ere u sed  and th e  
n e t  re sp o n se  p e r  c u l tu r e  was d e te rm in e d  by s u b t r a c t in g  th e  b ackg round  
PFC re s p o n s e  to  BSA-SRBC from  th e  PFC re s p o n s e  to  DNP-BSA-SRBC.
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C o n can a v a lin  A s t im u la t io n  o f  lym phoid c e l l s  f o r  s u p p re s s iv e  
s u p e r n a ta n t  f l u i d  (SSF) p ro d u c t io n .
A m o d i f ic a t io n  o f  th e  m ethod o f  R ich  and P ie r c e  (1974) was u sed  
to  s t im u la t e  r a b b i t  lym phoid  c e l l s  and i s  d e p ic te d  i n  F ig u re  1 .
S p lee n  c e l l s  (5 X 10®) in  MEM-2% FCS w ere added  to  10 X 45 mm serum  
v i a l s ,  w ith  o r  w ith o u t  v a r io u s  am ounts o f  C o n can av a lin  A (Con A,
2 X c r y s t a l l i z e d ,  M iles-Y ed a  L t d . ,  K ankakee, 1 1 1 .)  how ever 10 pg 
was e v e n tu a l ly  ad o p te d  f o r  u s e .  The c u l tu r e s  w ere h e ld  i n  10% C0£ 
a t  35 to  38°C f o r  24 h o u rs .  The c e l l s  w ere  c o l l e c t e d ,  sed im e n te d  
and w ashed in  f r e s h  medium, to  e l u t e  f r e e  Con A, and p la c e d  in  c u l tu r e  
f o r  an a d d i t i o n a l  24 h o u rs  in  medium w ith o u t m ito g en  (se c o n d a ry  c u l t u r e ) . 
The s u p e r n a ta n t  f l u i d s  w ere c o l l e c t e d  from  th e s e  c u l tu r e s  and 
d i s t r i b u t e d  i n  0 .5  ml v o lum es, i n  s t e r i l e  v i a l s  and s to r e d  a t  -20®C 
u n t i l  u s e d . Some l o t s  o f  c u l t u r e  f l u i d  w ere a b so rb ed  by two 30 
m in u tes  in c u b a t io n s  w ith  Sephadex G-50 (P h arm ac ia  F in e  C h em ica ls , I n c . ,  
P is c a ta w a y , N . J . ) .
A ssay o f  s u p e r n a ta n t  f l u i d  a c t i v i t y .
S econdary  c u l t u r e  f l u i d s  from  m ito g en  s t im u la te d  and c o n t r o l  
c u l tu r e s  w ere  thaw ed and d i l u t e d  1 :4  in  MEM-10% FCS. E i th e r  0 .0 5  o r
0 .1  ml o f  t h i s  was added  to  each  o f  2 c u l tu r e s  o f  s p le e n  c e l l s  w ith  
a n t ig e n  f o r  each  f l u i d  to  b e  a ssa y e d  and th e  c e l l s  w ere in c u b a te d  f o r  
5 d a y s . The re s p o n se  o f  t e s t  and c o n t r o l  s u p e r n a ta n t  f l u i d  exposed  
a s sa y  c u l t u r e s ,  a s  w e l l  as unexposed  c u l tu r e s  ( th e  no rm al re sp o n se )  
w ere  a s sa y e d  on day 5 . The s u p p re s s iv e  e f f e c t  e x e r te d  by th e  t e s t  f l u i d s  
was c a l c u l a t e d  by  d iv id in g  th e  PFC re s p o n s e  o f  s p le e n  c e l l s  in c u b a te d  
w ith  a n t ig e n  and c u l t u r e  s u p e r n a ta n t  f l u i d s ,  by th e  PFC re sp o n se  o f  c e l l s
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c u l tu r e d  w ith o u t  t e s t  f l u i d s .  The p e rc e n t  o f  norm al re sp o n se  f o r  
each  t e s t  c o n d i t io n  was d e te rm in e d  by m u l t ip ly in g  th e  q u o t i e n t  by 100.
RESULTS
T a b le  1 shows th e  day 5 i n  v i t r o  PFC re sp o n se  o f  5 X 10^ s p le e n  
c e l l s  to  a n t ig e n  w ith  o r  w ith o u t th e  d i r e c t  a d d i t io n  of Con A to  th e  
c u l t u r e .  The a d d i t io n  o f  1 0 , 5 and 1 pg o f  Con A d i r e c t l y  t o  s p le e n  
c e l l  c u l tu r e s  on day 0 , s i g n i f i c a n t l y  s u p p re s se d  th e  immune re sp o n se  
a t  day 5 to  l e v e l s  w e l l  below  th a t  o f  c e l l s  n o t exposed  to  th e  m ito g e n . 
The re sp o n se s  o f th e  m ito g en  s t im u la te d  c u l tu r e s  w ere n o t  a p p a re n t ly  
due to  a  c y to to x ic  e f f e c t  s in c e  c e l l  v i a b i l i t y  i n  th e s e  c u l tu r e s  
(day 5) w ere no lo w er th a n  th e  no rm al c o n t r o l  c u l t u r e s ,  43.75% w ith  
10 pg Con A v e r s u s  38.5% o f  no rm al c e l l s ,  y e t  th e  PFC re s p o n s e s  w ere 
s i g n i f i c a n t l y  red u ce d  (9-23% o r  n o rm a l) .
The l e v e l  o f  s u p p re s s io n  m e d ia te d  by Con A in  r a b b i t  s p le e n  c e l l s  
was s i m i l a r  to  t h a t  se e n  i n  o th e r  s tu d ie s  a s  r e p o r te d  b y  (Redelman e t  
a l . ,  1974; Redelman e t  a l . ,  1976) and Roszman (1 9 7 5 ) ,  u s in g  th e  r a b b i t  
and R ich  and P ie r c e  (1973) and D utton  (1972) in  the  mouse s y s te m . 
S o lu b le  f a c t o r s  r e le a s e d  by w hat a r e  now known t o  b e  T s u p p r e s s o r  
c e l l s  ( J a n d in s k i  e t  a l . ,  1976) i n  th e  mouse w ere  shown to  e x h i b i t  a 
p o te n t  s u p p re s s iv e  r e g u la to r y  e f f e c t .  The p o s s i b i l i t y  t h a t  t h i s  m igh t 
b e  t r u e  f o r  th e  r a b b i t  a s  w e l l  was i n v e s t i g a t e d .  The m ethod o f R ich 
and P ie r c e  (1974) (F ig u re  1) f o r  p ro d u c tio n  o f s u p p r e s s o r  s u b s ta n c e s  
in  s u p e r n a ta n t  c u l t u r e  f l u i d s  from  Con A s t im u la te d  s p le e n  c e l l s  was 
u sed . The s u p p re s s iv e  e f f e c t  was a ssa y e d  u s in g  th e  in  v i t r o  immune 
re sp o n se  o f  no rm al o r  a n t ig e n  p rim ed  s p le e n  c e l l s  (T a b le  2) .
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TABLE I
S u p p r e s s iv e  E f f e c t  o f  t h e  Dir e c t  a d d it io n  o f  Con  a  on  
t h e  In  Vit r o  Im m u n e  R e s p o n s e  o f  Ra b b it  S p l e e n  C e l l s
Me a n  P F C  P e r  C u l t u r e
w  C o n  A Aooeo t o  Cu l t u r e s
Ra bbit  in  Vivo  In  Vit r o  0
N o. Pr m n o  Ag No rm a l  10 5  1.0 0.1
19 -  SRBC 1000 230 -  350  1047
(23}*’ (35) (105)
14 -  SRBC 1650 142 -  6 25  1537
(9) (38) (93)
131 DNP-OVA DNP-OVA 1578 87 105 360
(5) (6) (23)
24 DNP-OVA DNP-OVA 932 113 -  118
(12) (13)
o
PFC Response w/o S upernatan t Fluids 
b % of Normal
FIGURE I
IN VITRO PRODUCTION OF SOLUBLE SUPPRESSIVE FACTOR(SSF) BY 
CON A STIMULATED RABBIT SPLEEN CELLS.
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Ha r v e s t  
S u p e r n a t a n t  Flu id s  
( S S F o r C S )
T ab le  2 .  E f f e c t  o f  Con A c o n c e n t r a t io n  on th e  p ro d u c t io n  o f  s u p p re s s iv e  
f a c t o r  s u p e r n a ta n t  f l u i d s  by no rm al r a b b i t  s p le e n  c e l l s .
48
EFFECT OF Con A Co n c e n t r a t io n  on t h e  pr o d u c tio n  of S u p r e s s iv e  f a c t o r (SFj
SUPERNATANT FLUIDS BY NORMAL RABBIT SPLEEN CELLS
Me a n  P F C  R e s p o n s e  p e r  C u l t u r e
CONC. OF CON A Oig) USED TO STIMULATE SF PRODUCTION
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59 47375 15,750 21,625 28,665 27,660 42,750
(33) (45) (60) (58) (90)
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At d i l u t i o n s  i d e n t i c a l  to  t h a t  u sed  by o th e r s  in  th e  mouse sy stem  
(R ich  and P ie r c e ,  1974; Tadakuma and P ie r c e ,  1976; Tadakuma and P ie r c e ,  
1978) c u l tu r e  f l u i d s  from  r a b b i t  s p le e n  c e l l s  s t im u la te d  w ith  10 pg 
o f  m ito g en , s u p p re s se d  th e  immune re sp o n se  in  th e  a ssa y  c u l tu r e s  to  
33 to  37% n o rm a l. C e l ls  s t im u la te d  w ith  5 o r  1 pg o f  Con A a l s o  
g e n e ra te d  p o te n t  s u p p re s s o r  a c t i v i t y  i n  th e  c u l tu r e  f l u i d s ,  w h ile  c e l l s  
s t im u la te d  w ith  0 .5  ( d a ta  n o t  shown) o r  0 .1  pg , p ro d u ced  c u l t u r e  f l u i d s  
w ith  v a r i a b le  a c t i v i t y .  D i lu t io n s  o f  c o n t r o l  s u p e r n a ta n t  f l u i d  h a r v e s te d  
from  non Con A s t im u la te d  c e l l s  showed no s u p p re s s iv e  a c t i v i t y  (90 to  
100% o f norm al r e s p o n s e ) . C e l l  v i a b i l i t y  i n  th e  a s s a y  c u l tu r e s  
in c u b a te d  w ith  t e s t  o r  c o n t r o l  s u p e r n a ta n t  f l u i d s  w ere s i m i l a r  to  
no rm al c u l tu r e s  (42% in  no rm al s p le e n  c e l l  c u l t u r e s ,  v e r s u s  44 % w ith  
10 pg Con A ).
One d i f f i c u l t y  i n  i n t e r p r e t i n g  th e  s ig n i f i c a n c e  o f  th e  s u p p re s s iv e  
a c t i v i t y  i n  th e  s u p e r n a ta n t  f l u i d s  was a s s o c ia t e d  w ith  th e  p o s s i b i l i t y  
t h a t  th e  s u p p re s s iv e  e f f e c t  m igh t b e  due to  c o n ta m in a tio n  o f  th e  f l u i d  
w ith  f r e e  Con A, w hich  m igh t p rovoke d i r e c t  s u p p re s s io n  o f  th e  re sp o n s e  
in  th e  a s s a y  s p le e n  c e l l s  w hich  was shown to  o c c u r  i n  th e  f i r s t  
e x p e rim e n t (T a b le  1 ) ,  We so u g h t t o  e l im in a te  t h i s  p o s s i b i l i t y  by 
in c u b a t in g  t e s t  and c o n t r o l  s u p e r n a ta n t  f l u i d s  w ith  Sephadex G -50.
The a b s o rp t io n  e f f i c i e n c y  was c o n t r o l l e d  by added 10 pg Con A to  
c o n t r o l  s u p e r n a ta n t  f l u i d s  j u s t  p r i o r  to  a b s o r p t io n  w ith  th e  g e l .  The 
e x p e r im e n ta l d a ta  p r e s e n te d  i n  T ab le  3 , shows th e  s u p p re s s iv e  e f f e c t  
t h a t  t e s t  s u p e r n a ta n t  f l u i d s  g e n e ra te d  by s t im u la t io n  w ith  10 pg e x e r t  
on a s sa y  c u l t u r e s .  A lso , t h i s  t a b le  shows th a t  in c u b a t io n  o f  th e  
c o n t r o l  s u p e r n a ta n t  f l u i d s  w ith  Sephadex G-50 removed s u f f i c i e n t
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TABLE 3
SUPPRESSION OF THE IN VITRO SPLEEN CELL PFC RESPONSE TO SRBC 
OR DNP, UPON THE ADDITION OF SUPERNATANT FLUIDS HARVESTED 





ASSAY SYSTEM0  NO. b
LOT
SSF norm al! 10 pg CON A NO CON A
1° SRBC 4 2 I5C 8 7 5 d 130 (I5)e 1,230(140)
4 0 I5C 7 7 6 185 (24) 859 (110)
19 I3C 699 48 ( 7 ) 679 (97)
17 I3C 2 ,338 425 (18) 2,550 (109)
11 I3C 1,160 310 (27) 1,007 (87)
9 I3C 575 133 (23) 5 3 0  (92)
7 3 6 ,8 6 3 2 ,4 0 4 (3 3 ) 5,902 (8 6 )
6 3 1,638 4 5 6  (26) 1,488 (90)
0  Rabbit Donors, Non-lmmunlz«d(l#) or Primed In Vivo (2*) with 
SRBC or DNP
b Culture Fluids Harvested from Con A Stimulated (SSF) or 
Non-Stimuloted(CS) Rabbit Spleen Cells
c SSF Absorbed with Sephadex 6 - 5 0  
d Meon PFC for Duplicate Culture
* % of Normal PFC Response
* No SSF or CS Added
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TABLE 3
SUPPRESSION OF THE IN VITRO SPLEEN CELL PFC RESPONSE TO SRBC 
OR DNP, UPON THE ADDITION OF SUPERNATANT FLUIDS HARVESTED 









NO. b SSF NORMAL^ 10 ua CON A NO CON A
4 3C 15 117,125d 44,875 (38)* 105,125 (90)
3 7 10 49,500 14,750(30) 40,500(81)
4 8 10 94,000 40,750(43) 106,333(113)
28 9 17,125 5,394(32) 16,000(93)
26 7 25,833 9 ,500(37) 22,625(88)
1 7 26,125 7 ,125(27) 25 ,333(97)
59 3 47,375 15,750(33) 42 ,7 50 (90 )
381 2 35,825 13,743 (37) 35 ,8 0 2 (9 9 )
31 9 990 150(14) 900(91)
56 3 13,041 2,851 (22) 10,957(84)
57 3 16,364 5,881 (35) 11,681 (72)
see legends Table 3
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Con A to  e l im in a te  i t s  s u p p re s s o r  p o t e n t i a l .  In  f a c t  a  s l i g h t  en h an c e ­
ment i n  PFC l e v e l s  w as se e n  when a s s a y  c u l tu r e s  w ere exposed  to  Con A 
t r e a t e d  Sephadex abso rbed -C S , when com pared to  th o se  re sp o n se s  
p ro d u ced  in  th e  p re se n c e  o f  u n t r e a te d  u n ab so rb ed  CS (103.6% o f  n o rm a l, 
v e rs u s  92 .2% ).
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S u p p re s s iv e  a c t i v i t y  was n o t  d e te c te d  in  lo w er d i l u t i o n s  p re p a re d  
from  c o n t r o l  s u p e r n a ta n t  f l u i d  w h ereas  th e  s u p p re s s iv e  a c t io n  o f  
c u l tu r e  f l u i d s  from  m itogen  s t im u la te d  s p le e n  c e l l s  in c r e a s e d  i n  
a c t i v i t y  w ith  d e c re a s in g  d i l u t i o n s  (T ab le  4 ) .  The s u p e r n a ta n t  f l u i d  
from  Con A s t im u la te d  c e l l s  w hich  c o n ta in e d  s u p p re s s iv e  a c t i v i t y  w i l l  
be  r e f e r r e d  t o ,  h e n c e f o r th ,  as th e  s u p p re s s iv e  s u p e r n a ta n t  f l u i d  (S S F ).
The s u p p re s s iv e  a c t i v i t y  t e s t e d  in  th e s e  e x p e rim e n ts  w ere p ro d u ced  
by r a b b i t  s p le e n  c e l l s  t h a t  w ere  in c u b a te d  f o r  24 h o u rs  fo llo w in g  a 
24 h o u r  p u ls e  w ith  m ito g e n . An e x p e r im e n ta l  p r o to c o l  was d e s ig n e d  
to  d e te rm in e  th e  minimum tim e s p le e n  c e l l s  n eed  to  be  in c u b a te d  w ith  
Con A to  in d u c e  SSF p ro d u c t io n  a s  w e l l  as  th e  tim e  a t  w hich  s i g n i f i c a n t  
l e v e l s  o f  SSF a c t i v i t y  co u ld  be  d e te c te d  a f t e r  th e  Con A was rem oved. 
T h e re fo re  p a r a l l e l  c u l tu r e s  o f  s p le e n  c e l l s  w ere c u l tu r e d  f o r  3 , 6 , 12 , 
and 24 h o u rs  w ith  and w ith o u t 10 yg Con A. The s u p e r n a ta n t  f l u i d s  w ere  
h a r v e s te d  and a d so rb ed  tw ic e  w ith  one volum e o f  Sephadex G -50. The 
SSF sam ples w ere  a l iq u o te d  and s to r e d  w h ile  th e  c e l l s  w ere r e in c u b a te d  
f o r  an a d d i t i o n a l  24 h o u rs  w ith o u t Con A. The f l u i d s  c o l l e c t e d  
a t  th e  end o f  th e  24 h o u r in c u b a t io n  p e r io d  w ere  ab so rb e d  as  d e s c r ib e d .  
F ig u re  2 shows th e  PFC re sp o n se s  o f  SRBC p rim ed  s p le e n  c e l l s  w hich 
w ere in c u b a te d  w ith  a  1 :4 0  d i l u t i o n  o f  SSF and  c o n t r o l  s u p e r n a ta n t  
f l u i d s  (CS) w hich  w ere  p ro d u ced  by s p le e n  c e l l s  s t im u la te d  w ith
Table 4 T i t r a t i o n  o f  th e  s u p p re s s iv e  a c t i v i t y  o f  SSF on th e  i n  v i t r o  
PFC re s p o n s e  o f  SRBC-primed s p le e n  c e l l s  to  SRBC.
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TITRATION OF THE SUPPRESSIVE ACTIVITY OF SSF ON THE IN VITRO PFC 
RESPONSE OF SRBC-PRIMED SPLEEN CELLS TO SRBC. ~
RABBIT LOT
DAY 5 ANTI-SRBC PFC PER CULTURE5
DILUTION OF CULTURE FLUIO (S S F )C
NO. NO. STIMULATION0  1*20 1*40 1*80 1*160 NORMAL
26  — 25 ,833
7 10 5 ,p 8 3  9 ,5 0 0  15 ,000  21 ,250
(2 0 )d (37) (58) (82)
C 2 3 ,2 5 0  2 2 ,6 2 5  2 2 ,2 5 0  22 ,250
(9 0 )  ( 8 8 ) (105) (8 6 )
0  SUPERNATANT FLUID from CULTURE STIMULATED with lOpg Con A or NO MITOGEN (C) 
b MEAN PFC for DUPLICATE CULTURES 
c 0-1 ml ADDED to EACH ASSAY CULTURE 
d % of NORMAL PFC RESPONSE
Figure 2 K in e t ic s  o f  a p p e a ra n c e  o f  SSF in  s u p e r n a ta n t  f l u i d s  
o f  c u l tu r e s  s t im u la te d  by  C o n can a v a lin  A f o r  3 , 6 , 12 
o r  24 h o u r s .
0 * —0 C o n tro l c u l tu r e  f l u i d s .
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ASSAY FOR S S F  AFTER 
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ASSAY FOR S S F  AFTER 
INCUBATION WITH CELLS 
FOR ADDITIONAL 24 HR 
POST CON A REMOVAL
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10 ug Con A f o r  3 , 6 ,  12 and  24 h o u rs .  S i g n i f i c a n t  l e v e l s  o f  SSF 
w ere p ro d u ced  a f t e r  12 h o u rs  o f Con A s t im u la t io n  (34% o f  no rm al 
r e s p o n s e ) .
In  th e  second  h a l f  o f  t h i s  e x p e r im e n t, th e  c e l l s  w ere removed 
from  th e  p re s e n c e  o f  Con A a t  v a ry in g  tim e s  (3 ,  6 ,  12 and  24 h o u rs )  
and r e ln c u b a te d  f o r  an a d d i t i o n a l  24 h o u r s .  I t  can  be s e e n  ( r i g h t  
h a l f  o f  F ig u re  2) t h a t  as l i t t l e  a s  th r e e  h o u rs  s t im u la t io n  r e s u l t e d  
in  r e l e a s e  o f  a c t i v e  SSF in t o  th e  s u p e r n a ta n t  f l u i d  w hich  s u p p re s se d  
th e  a s sa y  PFC re sp o n s e  to  27% o f  n o rm a l. The s u p p r e s s iv e  c a p a c i ty  o f  
c u l tu r e  f l u i d s  In c r e a s e d  a s  Con A e x p o su re  tim e  in c r e a s e d  to  th e  p o in t  
t h a t  a  24 h o u r in c u b a t io n  w ith  Con A p ro d u ced  th e  g r e a t e s t  l e v e l  of 
SSF a c t i v i t y  i n  th e  c u l tu r e  f l u i d .  Optimum SSF p ro d u c t io n  o c c u rre d  
d u r in g  th e  24 h o u r Con A c o n ta c t  tim e  and t h e r e f o r e  t h i s  s c h e d u le  
was u sed  f o r  a l l  su b se q u e n t e x p e r im e n ts  to  b e  r e p o r te d  h e r e . C o n tro l 
s u p e r n a ta n t  f l u i d s ,  c o l l e c t e d  a t  th e  24 h o u r ,  3 -2 4 , 6 -2 4 , h o u r  p e r io d s ,  
p roduced  s l i g h t l y  d e p re s s e d  re sp o n se s  when com pared, to  n o rm a l. The 
re a so n  f o r  t h i s  o b s e rv a t io n  i s  n o t  known and d e v ia te d  from  o b s e rv a t io n s  
made w ith  CS p rod u ced  u n d er i d e n t i c a l  c o n d i t io n s  i n  p re v io u s  and su b ­
s e q u e n t e x p e rim e n ts  ( s e e  T ab le  3) even  though  th e y  had  b een  ab so rb e d  
w ith  S ephadex .
D uring  th e  th e  c o u rse  o f  th e s e  i n v e s t i g a t i o n s  s u f f i c i e n t  
q u a n t i t i e s  o f  s u p e r n a ta n t  f l u i d  w ere  g e n e ra te d  i n  each  e x p e rim e n t 
so  t h a t  a  s i n g l e  l o t  c o u ld  be  a s sa y e d  a  num ber o f  t im e s ,  a l th o u g h  
once an a l i q u o t  o f  SSF from  a  s in g le  l o t  was thaw ed i t  was n e v e r  used  
a g a in . SSF l o s t  s u p p re s s o r  a c t i v i t y  when s to r e d  a t  -20°C  f o r  p e r io d s  
lo n g e r  th a n  2 to  3 m onths b e fo re  a s sa y  (F ig u re  3 ) .  When th e  a c t i v i t y
Figure 3 N et in  v i t r o  anti-SR B C  s p le e n  c e l l  PFC re sp o n se  a s sa y e d  
a g a i n s t . c u l tu r e  f l u i d s  from  Con A s t im u la te d  c u l tu r e s  b e f o r e  
and a f t e r  3 m onths s to r a g e  a t  -20°C .
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Net "in Vitro" gntl-SRBC spleen cell PFC response 
assayed against suppressor fac to r(S S F ) after 3 






SSF 3  fresh 
old
2 5 -
SSF 4  fresh 
old
5 1.010 0.5 0
jig Con A used to produce suppressor activity
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o f  f r e s h  v e rs u s  " o ld "  SSF c u l tu r e  f l u i d s ,  ta k e n  from  th e  same b a tc h  
a r e  com pared I t  can be  s e e n  t h a t  n o t  o n ly  was s u p p re s s iv e  a c t i v i t y  
l o s t  d u r in g  s to r a g e  b u t  th e  " o ld "  s u p e r n a ta n t  f l u i d  seem ed to  p o s se s s  
th e  a b i l i t y  to  enhance  th e  anti-SK BC PFC re sp o n se  in  th e  a s sa y  sy s te m . 
The " e n h a n c in g "  a c t i v i t y  w as, l i k e  SSF, a p p a re n t ly  d ep en d en t upon 
Con A s t im u la t io n ,  s in c e  in c r e a s in g  Con A d o ses  ( 0 .5 ,  1 .0 ,  5 and 10 pg) 
p ro d u ced  g r e a t e r  en h an c in g  a c t i v i t y  in  th e  " o ld "  s u p e r n a ta n t  f l u i d s . 
T h is  e n h an c in g  e f f e c t  p ro b a b ly  was n o t  a  d e g ra d a tio n  p ro d u c t o f  some 
m e ta b o lic  in te r m e d ia te ,  s in c e  c u l tu r e  f l u i d  from  non s t im u la te d  c e l l s ,  
d id  n o t e x e r t  a  s u p p re s s iv e  o r  en h an c in g  e f f e c t  when a s sa y e d  f r e s h  o r  
a t  3 m onths.
DISCUSSION
The r e s u l t s  p r e s e n te d  s u p p o r t  th e  c o n te n t io n  t h a t  C o n can av a lin  
A In d u c e s ,  by a  non c y t o to x ic ,  b u t  as y e t  unknown m echanism , c e r t a i n  
c e l l s  w i th in  th e  r a b b i t  s p le e n  c e l l  p o p u la t io n  to  e x e r t  s u p p re s s iv e  
a c t i v i t y .  The n e t  r e s u l t s  when Con A i s  added  a t  c e l l  c u l tu r e  
i n i t i a t i o n  i s  a m arked r e d u c t io n  i n  th e  in  v i t r o  a b i l i t y  o f  s p le e n  
c e l l s  to  p roduce  PFC 's s p e c i f i c  f o r  t h e  a n t ig e n  u s e d . E v idence  
i s  a l s o  p r e s e n te d  t h a t  th e  s u p p re s s iv e  e f f e c t  Con A h as  on th e  immune 
re sp o n se  i s  i n d i r e c t ,  s in c e  s u p e r n a ta n t  f l u i d s  from  m ito g en  s t im u la te d  
c e l l s  can  su p p re s s  th e  re s p o n s e  o f  o th e r  non m ito g en  s t im u la te d  
c e l l s .  T h is  s u p e r n a ta n t  f l u i d  was d e s ig n a te d  s u p p re s s iv e  s u p e r n a ta n t  
f l u i d  (S S F ). The SSF c o n ta in in g  c u l tu r e  f l u i d s  w ere  d e te c te d  i n  s p le e n  
c e l l  c u l tu r e s  w i th in  12 h o u rs  o f  e x p o su re  to  Con A and w ith  as  l i t t l e  
as  3 h o u rs  t o t a l  ex p o su re  tim e  to  th e  m ito g e n . The s u p p re s s iv e  
a c t io n  o f  SSF does n o t a p p e a r  to  be  a n t ig e n  s p e c i f i c  and i s  a p p a re n t ly  
n o t  r e s t r i c t e d  to  any p a r t i c u l a r  m echanism  o f  in d u c t io n  o f  immune 
re sp o n s e s  s in c e  b o th  s o lu b le  and p a r t i c u l a t e  a n t ig e n  in d u c ed  re sp o n se s  
w ere s i m i l a r l y  s u p p re s s e d .
The a c t i v i t y  o f  Con A s t im u la te d  s p le e n  s u p p re s s o r  c e l l s  from  
th e  r a b b i t  and th e  d e t e c t io n  o f  s u p p re s s o r  f a c t o r s  i n  t h e i r  c u l tu r e  
f l u i d s  co n firm s and e x te n d s  p re v io u s  r e p o r t s  o f  Roszman (1975) and 
Redelman e t  a l .  (1 9 7 6 ). When 10 yg Con A w ere  added  to  c u l tu r e s  
e i t h e r  o f  s p le e n  (Roszman, 1975; Redelman e t  a l . ,  1 9 7 6 ), lymph node 
(Roszman, 1 9 7 5 ), o r  p e r ip h e r a l  b lo o d  lym phocy tes (Redelm an e t  a l . ,
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1976) th e r e  r e s u l t e d  an a lm o s t co m p le te  lo s s  o f  th e  a b i l i t y  to  p ro d u ce  
s p e c i f i c  PFC a g a in s t  h e te ro lo g o u s  e r y th r o c y te s  o c c u r r e d .  T ra n s f e r  
o f  th e s e  t r e a t e d  c e l l s  to  non Con A s t im u la te d  s p le e n  c e l l s  a l s o  
r e s u l t e d  in  th e  a b ro g a t io n  o f  th e  immune re s p o n se  (Redelm an e t  a l . ,  
1 9 7 6 ).
Con A c a r r y  o v e r  co u ld  b e  th e  m echanism  by w hich  t r a n s f e r r e d  
c e l l s  e x e r t  s u p p re s s o r  e f f e c t s .  T h is  r e q u i r e s  p ro p e r  c o n t r o l  to  
d i s t i n g u i s h  betw een  th e  p o s s i b i l i t y  t h a t  th e  s u p p re s s io n  o b se rv e d  was 
th e  r e s u l t  o f an a c t i v a t e d  s u p p re s s o r  c e l l  and n o t  c o n ta m in a tin g  Con 
A in  th e  c e l l  p r e p a r a t io n .  The same prob lem  a l s o  c o u ld  o c c u r  when 
s u p e rn a ta n t  f l u i d s  from  Con A s t im u la te d  c e l l s  a r e  t e s t e d .  T h is  
c r i t i c i s m  was c o n t r o l l e d  by a d s o r p t io n  o f  th e  s u p e r n a ta n t  f l u i d s  w ith  
Sephadex G-50 and by in c lu d in g  a s s a y s  o f  th e  c u l t u r e  medium from  
p a r a l l e l  c u l tu r e s  n o t  exposed  to  Con A.
The a p p ea ran ce  o f  d e t e c ta b le  SSF in  th e  c u l tu r e  f l u i d  o f  s p le e n  
c e l l s  exposed  to  Con A f o r  12 h o u rs  i s  s i m i l a r  to  th e  tim e  r e q u ir e d  
to  a c t i v a t e  th e  s u p p re s s o r  s p le e n  c e l l  i n  th e  mouse sy s tem  to  
p ro d u ce  s o lu b le  immune re sp o n s e  s u p p re s s o r s  (SIRS) (R ich and P i e r c e ,
1 9 7 4 ). The o b s e rv a t io n  t h a t  SSF p ro d u c tio n  i s  found to  o c c u r  w ith  as  
l i t t l e  as  3 h o u rs  ex p o su re  tim e  to  Con A i s  c lo s e  t o  th e  2 h o u r tim e  
r e p o r te d  by Roszman (1975) and  th e  d i f f e r e n c e  may s im p ly  r e f l e c t
th e  c h o ic e  o f tim e  f o r  a s s a y .  B la s t  t r a n s f o r m a t io n  In d u ced  by 10 pg 
Con A, does n o t  o c c u r  u n le s s  r a b b i t  s p le e n  c e l l s  a r e  c o n t in u a l ly  exposed  
to  th e  m ito g en  f o r  a  24 h o u r  p e r io d  (Roszm an, 1975; S e l l  and S heppard ,
1 9 7 5 ). C e l ls  removed from  Con A p r i o r  to  12 h o u rs  can r e v e r t  to  an 
u n a c t iv ia te d  s t a t e  ( S e l l  and S h ep p ard , 1 9 7 5 ). S in c e  DNA s y n th e s i s
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i n  r a b b i t  PBL does n o t  b e g in  u n t i l  6 h o u rs  i n t o  c u l tu r e  w ith  Con A 
th e  e v id e n c e  p r e s e n te d  h e re  and by o th e r s  s u g g e s ts  t h a t  Con A in d u c e s  
p ro d u c t io n  o r  e l a b o r a t io n  o f  s o lu b le  f a c t o r s  by r a b b i t  o r  mouse s p le e n  
c e l l s  p r i o r  to  th e  o n s e t  o f  DNA s y n th e s i s  in  th e  s t im u la te d  c e l l ,
i . e .  d u r in g  th e  ph ase  o f  b l a s t o g e n e s i s ,  w here RNA and p r o t e i n
s y n th e s is  h as  commenced ( S e l l  and S h ep p ard , 1975 ; Redelman e t  a l . ,
19 7 6 ).
The n o n s p e c i f ic  a c t io n  o f  SSF on th e  i n  v i t r o  re sp o n s e  to  th e  a n t ig e n s  
SRBC and DNP and th e  p o te n t  s u p p re s s iv e  a c t i v i t y  i n  Con A s t im u la te d  
r a b b i t  s p le e n  c e l l s  a r e  s i m i l a r  to  th e  a c t io n  o f  SIRS p ro d u ced  by 
mouse s p le e n  c e l l s  (R ich  and P ie r c e ,  1973; 1 9 7 4 ) . No com parison  
to  th e  p o ten cy  o f  Con A in d u c ed  s u p p r e s s iv e  s u p e r n a ta n t  f l u i d s  
c o l l e c t e d  by Roszman (1975) o r  Redelman e t  a l .  (1976) can b e  made 
s in c e  b o th  o f  th e s e  i n v e s t i g a t o r s  u se d  a s sa y  c e l l s  c u l tu r e d  in  
u n d i lu te d  s u p e r n a ta n t  f l u i d s .  H owever, i n  t h i s  s tu d y  SSF red u ce d  
th e  immune PFC re sp o n se  i n  th e  a s s a y  c u l tu r e  (n o rm al o r  p rim ed  c e l l s )  
to  20 to  40% th a t  o f  no rm al a t  d i l u t i o n s  up to  1 :4 0 , w h ile  1 :40  to  
1 :8 0  d i l u t i o n s  o f  SIRS was r e p o r te d  to  red u ce  th e  re sp o n se  to  10% 
norm al in  th e  mouse sy s te m .
S u p e rn a ta n t f l u i d s  w ith  SSF a c t i v i t y  p ro v ed  to  be  s t a b l e  f o r  a t  
l e a s t  2 m onths when k e p t f ro z e n  a t  -20°C , and  when thaw ed and a s sa y e d  
th e y  d is p la y e d  a  c o n s i s t e n t  d e g re e  o f  s u p p re s s iv e  a c t i v i t y .  The 
s t a b i l i t y  to  f r e e z in g  and th aw in g  i s  s im i l a r  to  t h a t  n o te d  by Redelman 
e t  a l .  (1 9 7 6 ). A lthough  h e  made no m en tion  o f  th e  le n g th  o f  tim e  
th e  a c t i v i t y  co u ld  be  p re s e rv e d  w ith o u t lo s s  o f  s u p p re s s iv e  c a p c i ty ,
Roszman (1975) r e p o r te d  t h a t  h i s  s o lu b le  f a c t o r s  w ere  l a b i l e  to  
c o n d i t io n s  s i m i l a r  to  th o s e  u sed  by R ich  and P ie r c e  (1 9 7 4 ).
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C oncom inant w i th  th e  lo s s  o f  SSF a c t i v i t y  ( u s u a l ly  3 m onths) 
i n  s to r e d  s u p e r n a ta n t  f l u i d s  was th e  d e te c t io n  o f  a  c a p a c i ty  to  enhance  
th e  immune re sp o n se  o f  a s s a y  c u l t u r e s .  T h is  enhancem ent was a l s o  
n o n s p e c i f i c  f o r  th e  a n t ig e n  u sed  and was d ep en d en t upon th e  concen­
t r a t i o n  o f  Con A u sed  to  s t im u la t e  th e  s p le e n  c d l l s .  The f a c t o r s  
r e s p o n s ib le  f o r  t h i s  e n h an c in g  a c t i v i t y  may be an  a l t e r n a t e  form  
o f  SSF, no lo n g e r  s u p p r e s s iv e  b u t  r e t a i n i n g  th e  c a p a c i ty  to  i n t e r a c t  
w ith  th e  c e l l s  in v o lv e d  w ith  th e  i n  v i t r o  immune r e s p o n s e . A l t e r n a t iv e ly  
i t  may b e  a  d i s t i n c t  f a c t o r  o r  f a c t o r s  p r e s e n t  and a c t iv e  p r i o r  to  th e  
lo s s  o f  SSF a c t i v i t y ,  y e t  e i t h e r  a r e  n o t p o te n t  enough o r  e f f i c i e n t  
enough i n  t h e i r  e n h a n c in g  c a p a c i ty  to  overcom e th e  e f f e c t s  o f  SSF. 
E v id en ce  f o r  h e l p e r  f a c t o r s  e l a b o r a te d  from  Con A s t im u la te d  thymus 
d e r iv e d  c e l l s  comes p r im a r i ly  from  th e  mouse sy s te m  w here i t  h as  b een  
shown to  be  p r e s e n t  i n  c u l t u r e  f l u i d s  c o n ta in in g  s u p p re s s o r  f a c t o r s ,  
y e t  th e y  a l s o  can  b e  p ro d u ced  w ith o u t an  accom panying s u p p re s s o r  
a c t i v i t y  by t e c h n ic a l  m a n ip u la t io n s  i n  th e  e x p e r im e n ta l  p r o to c o l  
(S c a v u li  and D u tto n , 1 9 7 5 ) . E x p erim en ts  n o t  r e p o r te d  h e re  have f a i l e d  
to  d e m o n s tra te  any T c e l l  r e p la c in g  c a p a c i ty  f o r  th e s e  f l u i d s  n o r  th e  
c a p a c i ty  to  overcom e d e p re s s e d  re s p o n se  to  su b o p tim a l d o ses  o f  a n t ig e n .
Con A h a s  b een  r e p o r te d  to  have a d d i t i o n a l  e f f e c t s  on th e  immune 
re sp o n se  b e s id e  t h a t  o f  s u p p re s s io n .  Rom ball and W elgle  (1975) r e p o r t  
th a t  w h ile  d o ses  o f  Con A g iv e n  b e f o r e  a n t ig e n ,  s u p p re s s  th e  i n  v iv o  
re sp o n se  o f  r a b b i t s ,  Con A g iv e n  a t  th e  same t im e , o r  two days a f t e r  
a n t ig e n ,  enhanced  th e  immune re s p o n s e , and e l im in a te d  th e  c y c l in g  . 
d e p re s s io n  o f  a n tib o d y  and PFC fo llo w in g  im m un iza tion  o f  r a b b i t s  w ith  
a g g re g a te d  human IgG (C a v o li e t  a l . ,  1 9 7 6 ) . O th e r  r e p o r t s  show ed,
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t h a t  In  v i t r o  Con A can  s t im u la t e  r a b b i t  PBL ( I t a t a n i  and Fung, 1974) 
and s p le e n  c e l l s  (D e lam ette  e t  a l . ,  1 9 7 5 ), a f t e r  48 h o u rs  ex p o su re  
t o  5 to  10 pg Con A, to  s e c r e t e  IgM and lgG  i n t o  th e  c u l tu r e  f l u i d s .  
T hese f a c t s ,  to g e th e r  w ith  th e  en h an c in g  a c t i v i t y  d e te c te d  i n  o ld  
SSF s u g g e s ts  t h a t  Con A s t im u la t io n  a l s o  a c t i v a t e s  c e l l s  w hich  can 
p o s i t i v e l y  in f lu e n c e  th e  immune re sp o n se  a n d /o r  can s h u t o f f  
f u n c t io n in g  s u p p re s s o r  c e l l s .  The p o s s i b i l i t y  t h a t  Con A In d u ced  
h e lp e r  c e l l s  a c t  by p ro m o tin g  c e l l  b l a s to g e n e s l s  and d iv i s i o n  o f  
o th e r  c e l l s  does n o t  seem  to  be  a  m echanism  f o r  h e lp  s in c e  no b l a s t o -  
g e n ic  a c t i v i t y  i s  found in  s u p e r n a ta n t  f l u i d s  from  Con A s t im u la te d  
PBL, and th u s  c o n ta in s  no m ito g e n ic  a c t i v i t y  ( S e l l  and S hep p ard , 1 9 7 5 ).
R e s u lts  o f  th e  n e x t  c h a p te r  and o th e r  r e c e n t  e v id e n c e  (Redelm an 
e t  a l .  1976) show t h a t  th e  c e l l s  p ro d u c in g  s u p p re s s iv e  s u p e r n a ta n t  
f l u i d s  fo llo w in g  Con A s t im u la t io n  i n  th e  r a b b i t  and th e  mouse 
( J a n d in s k i  e t  a l . ,  1976) i s  a  thymus d e r iv e d  s u p p re s s o r  c e l l  (Ts
c e l l ) .  The mouse T c e l l  i s  a  s u b p o p u la t io n  o f  th e  T p o p u la t io n  ands
p o s s e s s e s  u n iq u e  membrane a l l o - a n t i g e n s  Ly 1“ 2^‘3+,w h ic h  d i s t i n g u i s h e s
them from  T c e l l s  w ith  h e l p e r  f u n c t io n  Ly l + 2“ 3“ (C an to r  e t  a l . ,  1 9 7 6 ).
The s i t e  o f  a c t io n  f o r  th e  s u p p re s s iv e  f a c t o r ( s )  p roduced  by
th e  Tg c e l l  h as  been  r e p o r te d  f o r  th e  m ouse, w here SIRS a c t s  on th e
s p l e n i c  m acrophage (Tadakuma and P i e r c e ,  1 9 7 6 ), w hich m e d ia te s
s u p p re s s io n  o f  p r o l i f e r a t i n g  B c e l l s  (Tadakuma and P i e r c e ,  1 9 7 8 ).
Redelman e t  a l  (1976) d e m o n s tra te d  t h a t  t h e i r  T c e l l s  a c te d  a t  a
s
s ta g e  o f  th e  immune re s p o n s e  a f t e r  In d u c t io n  and r e c r u i tm e n t  b u t 
d u r in g  th e  B c e l l  p r o l i f e r a t i o n .  They co n c lu d ed  t h a t  th e  r a b b i t  Con A 
in d u c ed  T a c te d ,  v i a  s o lu b le  p ro d u c ts  and d i r e c t  c e l l  c o n ta c t ,  on th e  
p r o l i f e r a t i n g  B c e l l .
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A lthough th e  f i n a l  s u p p re s s iv e  a c t i v i t y  o f  SIRS and th e  f a c t o r  
o b ta in e d  by S e l l  and h i s  w o rk e rs  a p p e a rs  to  a c t  on th e  p r o l i f e r a t i n g  
B c e l l ,  th e  m echanism  f o r  t h i s  a c t i v i t y  in  th e  r a b b i t  i s  s t i l l  
u n c l e a r .  The n e x t  c h a p te r  p r e s e n ts  e v id e n c e  s u p p o r t in g  th e  thymus 
d e r iv e d  s u p p re s s o r  c e l l ,  o r  a n o th e r  c e l l  ty p e  d ep en d en t upon th e  Ts
c e l l ,  a s  th e  c e l l  Con A s t im u la t e s  t o  p ro d u ce  SSF and non T a d h e re n t  
c e l l s  a s  th e  s i t e  o f  a c t io n  o f  SSF.
Chapter 3
C e ll  S ou rce  and S i t e  o f  A c tio n  o f  S u p p re s s iv e  S u p e m a n t F lu id s  
(SSF) In d u ced  by C o n can a v a lin  A S tim u la te d  R a b b it S p leen  C e l ls
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INTRODUCTION
C h a r a c te r iz a t io n  and a n a ly s i s  o f  th e  r e g u la to r y  m echanism s 
o p e r a t iv e  d u r in g  th e  immune re sp o n se  have  been  s tu d ie d  p r im a r i ly  
i n  th e  mouse sy s te m . Con A s t im u la te d  m urine  thymus d e r iv e d  
c e l l s  ( T - c e l l s )  w i l l  s u p p re s s  th e  p la q u e  fo rm in g  c e l l  (PFC) re sp o n se  
to  h e te ro lo g o u s  e r y th r o c y te s  when added  to  mouse s p le e n  c e l l  c u l tu r e s  
in  v i t r o  (D u tto n , 1972; R ich  and P i e r c e ,  1973; D u tto n , 1 9 7 3 ) . The 
m itogen  s t im u la te d  T - c e l l s  a l s o  p ro d u ce  s o lu b le  p ro d u c ts  su ch  as th e  
s o lu b le  immune re sp o n se  s u p p re s s o r  (SIRS) w hich  e x e r t s  th e  same 
s u p p re s s iv e  e f f e c t  a s  th e  d i r e c t  a d d i t io n  o f  s t im u la te d  c e l l s  
(R ich and P i e r c e ,  1974; Tadakuma and P ie r c e ,  1 9 7 6 ). The T - c e l l  
p ro d u c in g  SIRS, p o s s e s s e s  Ly l~2+ 3+  thym ic d i f f e r e n t i a t i o n  a n t ig e n s  
( J a n d in s k l  e t  a l . ,  1976) and th e y  a r e  g e n e ra te d  from  l a  p o s i t i v e  c e l l s  
w hich do n o t r e q u i r e  I  o r  S r e g io n  i d e n t i t y  w ith  th e  t a r g e t  c e l l  
(Dugan e t  a l . ,  1 9 7 7 ) .
The m echanism  by w hich SIRS m e d ia te s  s u p p re s s io n  o f  th e  PFC 
re sp o n s e  by mouse s p le e n  c e l l s  h as  b een  i n v e s t i g a t e d .  I t  was found 
th a t  b r i e f  e x p o su re s  o f  th e  p l a s t i c  a d h e r e n t ,  and n o t th e  n o n a d h e re n t, 
c e l l s  to  SIRS p o te n t i a t e d  t h i s  f r a c t i o n  to  s u p p re s s  th e  PFC re sp o n se  
o f  s p le e n  c e l l s  to  h e te ro lo g o u s  e r y th r o c y te s .  I t  was co n c lu d ed  th a t  
th e  s i t e  o f  a c t io n  f o r  SIRS was th e  m acrophage w ith in  th e  a d h e re n t  
f r a c t i o n  (Tadakuma and P i e r c e ,  1976) and t h a t  SIRS s t im u la t e d  th e  
m acrophage to  e l a b o r a te  a  non-SIRS f a c t o r  w hich  s u p p re s se d  th e  
p r o l i f e r a t i o n ,  b u t  n o t  d i f f e r e n t i a t i o n  o f  a n t ig e n  s t im u la te d  B - c e l l s  
(Tadakuma and P i e r c e ,  1 9 7 8 ).
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R ab b it s p le e n  c e l l  PFC re sp o n se s  i n  v i t r o  w ere s u p p re s se d  by th e  
d i r e c t  a d d i t io n  o f  Con A and by s u p e r n a ta n t  f l u i d s  p roduced  by Con A 
s t im u la te d  s p le e n  c e l l s  (Roszman, 1975; Redelman e t  a l . ,  1 9 7 6 ).
I t  was found th a t  a n t i- th y m o c y te  serum  (ATS) w ould  a b ro g a te  t h i s  e f f e c t  
i f  th e  c e l l s  w ere t r e a t e d  b e f o r e  Con A s t im u la t io n  and i t  was co n c lu d ed  
th a t  a  T - c e l l  was r e s p o n s ib le  f o r  s u p p r e s s o r  f a c t o r  p ro d u c tio n  (Redelman 
e t  a l . ,  1976) and th a t  th e  f a c t o r  d i r e c t l y  i n h i b i t e d  p r o l i f e r a t i o n  o f  
th e  ex pand ing  B - c e l l  c lo n e s  i n  th e  p re s e n c e  o f  m acrophages o r  o th e r  
T - c e l l  s u b p o p u la t io n s .  I n  o u r  s tu d i e s  a  s u p p re s s o r  a c t i v i t y  was 
d e te c te d  i n  s u p e r n a ta n t  f l u i d s  (SSF) fo llo w in g  Con A s t im u la t io n  o f  
r a b b i t  s p le e n  c e l l s  w hich s u p p re s se d  th e  iri v i t r o  r a b b i t  s p le e n  c e l l  
immune re sp o n se  to  b o th  SRBC and d in i t r o p h e n o l  (DNP). The r e s u l t s  
p r e s e n te d  i n  t h i s  p a p e r  in d ic a te d  t h a t  th e  SSF p ro d u c in g  t e l l  i s  
an a d h e re n t T - c e l l  found  in  th e  thymus and s p le e n  b u t  n o t m e s e n te r ic  
lymph n ode , w h ile  th e  t a r g e t  o f  SSF a c t i v i t y  i s  a l s o  a d h e re n t  to  
p l a s t i c  b u t  i n s e n s i t i v e  to  ATGG, and may be  a  s p le n i c  m acrophage.
MATERIALS AND METHODS
A n tig e n s , a n im a ls ,  im m un iza tion  p ro c e d u re s  w ere  th e  same as
r e p o r te d  i n  th e  p re v io u s  p a p e r .  P ro d u c tio n  o f  SSF and th e  a ssa y
f o r  i t s  a c t i v i t y  was a l s o  done in  a  m anner s i m i l a r  to  t h a t
p r e v io u s ly  r e p o r te d  (C h ap te r  2 ) .  B r i e f l y  5 X 10^ c e l l s  from  th e
s p le e n ,  m e s e n te r ic  lymph n o d e , o r  thymus from  a  s in g l e  r a b b i t  w ere
c u l tu r e d  a t  35 to  38°C in  v i a l s  w ith  o r  w ith o u t 10 yg Con A. The
c e l l s  w ere  se d im e n te d  and w ashed a f t e r  24 h o u rs  in c u b a t io n  a t  35 to  38°C
u n d e r 10% CO2  and th e n  r e in c u b a te d  i n  f r e s h  medium w ith o u t Con A
f o r  an a d d i t i o n a l  24 h o u rs .  The s u p e r n a ta n t  f l u i d s  from  th e s e  c u l tu r e s
w ere  c o l l e c t e d ,  a b so rb e d  tw ic e  w ith  Sephadex G -50, to  remove r e s id u a l
Con A, and s to r e d  a t  -20°C  u n t i l  u s e d . To a s sa y  f o r  SSF a c t i v i t y ,
s u p e r n a ta n t  f l u i d s  h a r v e s te d  from  Con A s t im u la te d  and n o n s tim u la te d
w ere  thaw ed , d i l u t e d  1 :4  i n  f r e s h  medium and 0 .1  ml was added to  th e
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in n e r  w e l l  o f  a  M arbrook v e s s e l  w hich  c o n ta in e d  5 X 10° a s sa y  s p le e n  
c e l l s  and 5 X 10^ SRBC o r  0 .5  yg DNP-OVA. Day 5 PFC re sp o n se s  w ere 
done by th e  m ethod p r e v io u s ly  d e s c r ib e d
P r e p a r a t io n  o f  a n t i- th y m o c y te  gamma g lo b u l in .
ATGG was p re p a re d  from  w hole serum  o b ta in e d  from  a  g o a t w hich 
had  been  im m unized in t r a v e n o u s ly  ( i . v . )  w ith  3 X 10^ r a b b i t  thym ocyte 
on day 0 and a g a in  on day 70 . Serum was h a r v e s te d  from  b lo o d  c o l l e c t e d  
from  th e  g o a t on day 77 , 9 1 , 98 , and 112 p o s t  im m u n iz a tio n , p o o le d , 
h e a t  i n a c t i v a t e d  a t  56°C f o r  30 m in u te s  and  a b so rb e d  th r e e  tim es  w ith
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0 .1  volum e packed  r a b b i t  e r y th r o c y te s  a t  4°C f o r  15 m in u te s .
The gamma g lo b u l in  f r a c t i o n  was p re p a re d  by p r e c i p i t a t i o n  to  40% 
s a t u r a t i o n  w ith  ammonium s u l f a t e  and  th e  d ia ly z e d ,  r e s o lu b i l i z e d  
p r e c i p i t a t e  was p a s se d  th ro u g h  a  DEAE c e l l u l o s e  exchange colum n, 
e q u i l i b r a t e d  w i th  0 .0 0 0 8  M p h o sp h a te  b u f f e r  pH 7 .6 .  The e l u t e d  
gamma g lo b u l in  was c o n c e n tr a te d ,  f i l t e r  s t e r i l i z e d  (0 .2 2  y p o re  
s i z e )  and s to r e d  a t  ~20°C u n t i l  u se d .
T rea tm e n t o f  w hole s p le e n  c e l l s  o r  p l a s t i c  f r a c t i o n a t e d  c e l l s  w ith  ATGG.
7 8N u c le a te d  c e l l s  (10 to  10 ) i n  a  volum e o f 0 .4  to  1 .0  ml w ere 
in c u b a te d  w ith  an  e q u a l  volum e o f  ATGG d i l u t e d  1 :2  in  MEM-10% FCS, 
f o r  30 m in u te s  a t  35 to  38°C. The c e l l s  w ere  w ashed and re su sp e n d e d  
in  f r e s h  medium w hich  in c lu d e d  an e q u a l volum e o f s t e r i l e  no rm al 
r a b b i t  serum  (NRS) d i l u t e d  1 :2  and added a s  a  com plement s o u rc e .
A f te r  in c u b a t io n  f o r  30 m in u te s  a t  35 to  38°C th e  c e l l s  w ere  w ashed , 
re su sp e n d e d  in  f r e s h  medium, and c e l l  v i a b i l i t y  d e te rm in a t io n s  w ere 
made b e f o r e  th e y  w ere  u sed  e x p e r im e n ta l ly .
T rea tm e n t o f  a d h e re n t  and n o n a d h e re n t c e l l  f r a c t i o n s  w ith  SSF o r  CS.
The p ro c e d u re s  o f  M o s ie r (1968)w hich  w ere  u sed  in  th e  mouse 
sy stem  w ere  m o d if ie d  and u sed  to  s e p a r a t e  r a b b i t  s p le e n  c e l l s  a c c o rd in g  
to  t h e i r  a b i l i t y  to  a d h e re  to  p l a s t i c .  One to  f iv e  X 10^ c e l l s  w ere 
added to  15 X 60 mm p l a s t i c  t i s s u e  c u l tu r e  p l a t e s  (F a lco n  P l a s t i c s ,  
D iv is io n  o f  B io Q u est, O xnard , C a l i f . )  in  3 .0  ml o f  MEM-10% FCS, and 
in c u b a te d  a t  35 to  38°C u n d e r  10% CO2  f o r  2 h o u r s . The n o n a d h e re n t 
c e l l s  w ere  re su sp e n d e d  by f o r c in g  a s tre a m  o f  medium o v e r  th e  p l a t e  
s u r f a c e  w ith  a  p a s te u r  p i p e t t e ,  and th e n  t r a n s f e r r e d  to  a  seco n d  p l a t e .
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To each  p l a t e  c o n ta in in g  th e  a d h e re n t o r  n o n a d h e re n t c e l l  f r a c t i o n ,  
0 .2  ml o f  a  1 :4  d i l u t i o n  of SSF o r  CS was added  and th e  m ix tu re  
in c u b a te d  f o r  2 h o u rs  u n d e r t i s s u e  c u l tu r e  c o n d i t i o n s . The c e l l s  
w ere re su sp e n d e d  w ith  th e  a id  o f  a  p i p e t t e  and ru b b e r  po licem an  and 
sed im e n te d  d u r in g  c e n t r i f u g a t io n  a t  1 ,0 0 0  rpm f o r  10 m in u te s ,  and 
th e n  re su sp e n d e d  in  f r e s h  medium. The c e l l  f r a c t i o n s  w ere recom bined  
a s  i n d i c a t e d  i n  th e  e x p e r im e n ta l  p r o to c o l  d e s c r ib e d  i n  th e  r e s u l t s  
s e c t i o n  and d u p l i c a te  c u l tu r e s  w ere  s e tu p  in  M arbrook v e s s e l s  w ith  
a n t ig e n .  T here  was u s u a l ly  a  70 to  80% c e l l  re c o v e ry  from  th e s e  
m a n ip u la t io n s  and c e l l  v i a b i l i t y  f o r  s e p a r a te d  c e l l  f r a c t i o n s  w ere 
alw ays d e te rm in e d . The M arbrook v e s s e l s  w ere in c u b a te d  a s  d e s c r ib e d  
and th e  day 5 re sp o n se  to  a n t ig e n  was done ( s e e  F ig u re  3 ) .
The e v a lu a t io n  o f  th e  PFC re s p o n s e  f o r  each  recom bined  c u l tu r e  
was com pared to  th e  re s p o n s e  o f  u n t r e a t e d ,  f r a c t i o n a t e d  s p le e n  c e l l s  
i n  th e  p re s e n c e  o f  a n t ig e n ,  s in c e  some d e c re a s e  i n  th e  PFC re sp o n se  
was n o te d  fo llo w in g  c e l l  s e p a r a t io n  and re c o m b in a tio n  o f  p rim ed  
s p le e n  c e l l s .
RESULTS
The s u p p re s s iv e  s u p e r n a ta n t  f l u i d s  p ro d u ced  by Con A s t im u la te d  
s p le e n  c e l l s  as  r e p o r te d  i n  C h ap te r  2 , c lo s e ly  re se m b le s  a f a c t o r  
p ro d u ced  by mouse s p le e n  c e l l s  (R ich  and P i e r c e ,  1 9 7 4 ), b u t  a p p e a rs  
to  be m ore a c t iv e  th a n  a  s i m i l a r  f a c t o r  p ro d u ced  by r a b b i t  lympho­
c y te s  (Redelm an e t  a l . ,  1976 and Roszman, 1 9 7 5 ). The b i o l o g i c a l  
a c t i v i t y  o f  t h i s  m ito g en  in d u c e d , s o lu b le  f a c t o r  was i n v e s t i g a t e d  
w ith  r e s p e c t  to  th e  i d e n t i t y  o f  th e  c e l l s  e l a b o r a t i n g  SSF and a l s o  w ith  
r e s p e c t  to  c e l l u l a r  s i t e  o f  a c t io n .
C e l l  s u sp e n s io n s  w ere p re p a re d  from  th e  thym us, s p le e n ,  and 
m e s e n te r ic  lymph nodes (MLN) o f  a  s in g l e  r a b b i t  and w ere c u l tu r e d  i n  
th e  p re s e n c e  o r  ab sen ce  o f  10 yg Con A f o r  24 h o u r s ,  fo llo w e d  by a 
seco n d  in c u b a t io n  f o r  24 h o u rs  w ith o u t Con A. The c u l tu r e  f l u i d s  
from  th e  l a t t e r  in c u b a t io n  w ere  a s sa y e d  f o r  t h e i r  a b i l i t y  to  s u p p re s s  
th e  immune re sp o n se  and th e  r e s u l t s  from  4 s e p a r a t e  e x p e rim e n ts  a r e  
shown in  F ig u re  1 . C u ltu re  f l u i d s  from  Con A s t im u la te d  s p le e n  
o r  thymus c e l l s  w ere c a p a b le  o f  s u p p re s s in g  th e  day 5 antl-SR B C  PFC 
re sp o n s e  in  a s s a y  c u l t u r e s ,  w h ile  c u l tu r e  f l u i d s  from  s t im u la te d  
MLN c e l l s  c o n s i s t e n t l y  f a i l e d  to  s u p p re s s  th e  PFC r e s p o n s e s .
I t  may b e ,  t h a t  e i t h e r  th e  c e l l s  p ro d u c in g  SSF i n  th e  thymus 
and s p le e n  a r e  n o t  p r e s e n t  i n  th e  MLN o r  th e y  a r e  p r e s e n t  in  sm a ll 
num bers, o r  i t  may r e q u i r e  a  g r e a t e r  c o n c e n t r a t io n  o f  Con A to  
s t im u la t e  t h e i r  f u n c t io n .  R e s u l ts  o f  an a s sa y  t e s t i n g  t h i s  l a t t e r  
p o s s i b i l i t y  a r e  shown i n  F ig u re  1 (b o tto m  p a n e l ,  L o t 1 7 ) .  When
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Figure 1 SSF p ro d u c tio n  by s p le e n ,  thymus and  m e s e n te r ic  lymph 
node c e l l s  (MLN) a f t e r  Con A s t im u la t io n .  C u l tu r e s  o f  
s p le e n ,  MLN, o r  thymus c e l l s  c o n ta in in g  5 X 10** n u c le a te d  
c e l l s  w ere  in c u b a te d  w ith  o r  w i th o u t  v a ry in g  c o n c e n tr a t io n s  
o f  Con A, and SSF o r  CS c o l l e c t e d  and  a s sa y e d  a s  d e s c r ib e d  
in  M a te r ia ls  and  M ethods. R esponses a r e  d e s c r ib e d  as  th e  






















SSF PRODUCTION BY SPLEEN, THYMUS AND MESENTERIC 
























10 ~ ~ 0
17,125 PFC
10 0<^94t000
^  2 2 ,0 0 0  PFC
2 0
I
10 . I l c L  0
SPLEEN THYMUS M LN
th e  c o n c e n tr a t io n  o f  Con A used  to  s t im u la t e  s p le e n  c e l l s  was d oub led  
(20 yg) and added to  MLN c u l tu r e s ,  th e r e  was s t i l l  no s u p p re s s iv e  
a c t i v i t y  In  th e  r e s u l t a n t  c u l tu r e  s u p e rn a ta n t  f l u i d s .  In  f a c t  th e r e  
was a  p ronounced  enhancem ent o f  th e  PFC re sp o n se  o f  a s s a y  c u l tu r e s  when 
th e  20 yg Con A s t im u la te d  MLN c u l tu r e  s u p e r n a ta n t  f l u i d  was t e s t e d .  
Thus, i t  w ould seem t h a t  th e  SSF p ro d u c in g  c e l l  found  in  thymus and 
s p le e n  p o p u la t io n s  e i t h e r  i s  n o t  p r e s e n t  i n  MLN o r  i t  i s  u n re sp o n s iv e  
to  Con A.
S p lee n  c e l l s  w ere  ta k e n  from  r a b b i t s  w hich had  been  thym ectom ized  
35 days e a r l i e r  and c u l tu r e d  f o r  SSF p r o d u c t io n .  The c u l tu r e  f l u i d s  
w ere a s sa y e d  and i t  a p p e a rs  (F ig u re  2) th a t  a d u l t  thymectomy d e p le te s  
a  c e l l  p o p u la t io n  in  th e  s p le e n ,  w hich  g e n e ra te s  SSF fo llo w in g  Con A 
s t im u la t io n ,  s in c e  a ssa y  c u l tu r e s  c o n ta in in g  Con A s t im u la te d  s u p e r ­
n a t a n t  f l u i d s  w ere  81% t h a t  o f  th e  norm al PFC re sp o n se  and  e s s e n t i a l l y  
th e  same as  th e  PFC re s p o n s e  i n  th e  a s s a y  sy stem  i n  th e  p re s e n c e  
o f  CS.
To d e te rm in e  i f  th e  c e l l  p ro d u c in g  SSF i n  th e  s p le e n  i s  a  thymus 
d e r iv e d  c e l l  (b e a r in g  d i f f e r e n t i a t i o n  membrane a n t i g e n s ) , s p le e n  
c e l l s  w ere t r e a t e d  w ith  a  1 :2  d i l u t i o n  o f  a n t i- th y m o c y te  gamma g lo b u l in  
(ATGG) and com plem ent p r i o r  to  in c u b a t io n  w ith  Con A. The s u p e r n a ta n t  
f l u i d s  w ere  a s sa y e d  f o r  SSF and th e  r e s u l t s  a r e  p r e s e n te d  in  T ab le  1. 
S p lee n  c e l l s  t r e a t e d  w ith  ATGG and  com plem ent d id  n o t  p ro d u ce  d e t e c ta b le  
SSF, and PFC re sp o n s e s  i n  a s s a y  c u l tu r e s  w ere  c o n s i s t e n t ly  h ig h e r  th an  
no rm al c o n t r o l  r e s p o n s e s .  I t  w ould  a p p e a r  a  s h o r t  l i v e d  thymus d e r iv e d  
c e l l  found  in  th e  s p le e n  b u t  n o t  MLN i s  a p p a re n t ly  r e s p o n s ib le  f o r  th e  
p ro d u c tio n  o f  SSF.
Figure 2 A bsence o f  s u p p r e s s iv e  a c t i v i t y  i n  s u p e r n a ta n t  f l u i d s  
from  Con A s t im u la te d  s p le e n  c e l l s  from  thym ectom ized  
















Ab s e n c e  o f  S u p p r e s s iv e  Ac t iv it y  in  S u p e r n a t a n t  f l u id s  From  C o n  a  
S t im u l a t e d  s p l e e n  Ce l l s  Fr o m  T h y m e c t o m iz e d  (-e -t)  Do n o r s
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THE EFFECT OF IN VITRO TREATMENT OF SPLEEN CELLS 
WITH ATGG ON THE PRODUCTION OF SSF.
ASSAY SYSTEM
ASSAY ATGG
DAY 5 ANTI- SRBC PFC /  CULTURE*
NORMAL*NO. TREATMENT S S F c s d
17 — 4 2 5  (I8 )b 2 ,550(109) 2 ,3 3 8
+ 3 6 6 2  (157) 2,500(105)
II — 3 1 0  (27) 1,107 (87) 1,160
+ 1,505 (135) 1,085 (94 )
9 — 133 (23) 530 (92) 572
+ 9 3 3  (162) 4 4 5  (77)
50 — N O  (18) 673(110) 6 0 8
+ 7 4 5 (123) 793(130)




Treated with 0.5 ml ATGG and C' before
b % Normal PFC Response
C S S F : Culture Fluid from Con A Stimulated Cells 
d c s«  Culture Fluid from Unstimulated Cells 
e MEAN PFC for Duplicate Cultures 
f PFC per Culture— No CS or SSF Added
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In  a d d i t io n  to  i t s  s e n s i t i v i t y  to  ATGG and d e p le t io n  by a d u l t  
thym ectom y, th e  Tg c e l l  w hich p ro d u ces  SSF m igh t p o s s e s s  p r o p e r t i e s  
w hich  d i s t i n g u i s h  i t  from  o th e r  c e l l s  in  th e  s p le e n .  When s p le e n  
c e l l s  w ere s e p a r a te d  in t o  n o n a d h e re n t (NA) and a d h e re n t (AD) f r a c t i o n s ,  
i t  was found  t h a t  s t im u la t io n  o f  th e  s e p a r a te d  f r a c t i o n s  (NA o r  AD) 
w ith  Con A, by  th e  p ro c e d u re  u sed  to  s t im u la t e  w hole s p le e n  c e l l s  
d id  n o t r e s u l t  i n  th e  p ro d u c tio n  o f  d e t e c ta b le  SSF. The r e s u l t s  from  
s e v e r a l  e x p e rim e n ts  a r e  p r e s e n te d  in  T ab le  2 . As can b e  s e e n  when th e  
NA and AD f r a c t i o n s  w ere recom bined  and s t im u la te d  w ith  Con A, SSF 
a c t i v i t y  was d e m o n s tra b le  in  th e  s u p e r n a ta n t  f l u i d .
The n e x t  e x p e rim e n t was d e s ig n e d  to  a s c e r t a i n  w h e th e r  c e l l s  lo c a te d  
in  e i t h e r  th e  NA, o r  AD f r a c t i o n s ,  o r  b o th ,  w ere r e s p o n s ib le  f o r  
SSF p r o d u c t io n  o r  w h e th e r  an  I n t e r a c t i o n  betw een th e s e  f r a c t i o n s  was 
n e c e s s a ry  to  p ro d u ce  SSF. C e l ls  from  e i t h e r  f r a c t i o n  w ere h e ld  in  
an  i c e  b a th  o r  t r e a t e d  w ith  ATGG and com plem ent a s  d e s c r ib e d  in  th e  
m a te r i a l s  and m ethods s e c t i o n .  The t r e a t e d  o r  n o n tr e a te d  f r a c t i o n s  
w ere recom bined  in  th e  m anner shown in  T ab le  3 and th e n  p u ls e d  w ith  
10 yg o f  Con A. C u ltu re  f l u i d s  w ere h a r v e s te d  from  th e s e  c u l tu r e s  and 
from  c o n t r o l  c u l tu r e s  and a ssa y e d  and th e  r e s u l t s  show t h a t  ATGG 
p r e t r e a tm e n t  o f  a d h e re n t  c e l l s  b u t  n o t n o n a d h e re n t c e l l s  p re v e n te d  
SSF p ro d u c tio n  when a s s a y e d .
SSF s i t e  o f  a c t i o n .
S p le e n  c e l l s  h a r v e s te d  from  a d u l t  a n im a ls  w hich had  b een  th y m e c to -  
m ized w ere  s u p p re s s e d  by SSF c o n ta in in g  c u l tu r e  f l u i d s  to  th e  same 
e x te n t  to  s p le e n  c e l l s  from  norm al r a b b i t s  (T ab le  4 ) .  The PFC 
re s p o n s e s  o f  SSF t r e a t e d  thym ectom ized  s p le e n  c e l l  c u l tu r e s  w ere 10 to  
32% th a t  o f  no rm al r e s p o n s e s .
TAB LE 2
ASSAY OF SUPERNATANT FLUID FROM WHOLE, ADHERENT (AD), NON- ADHERENT(NA) AND 
RECOMBINED NA AND AD SPLEEN CELLS FOR THE PRESENSE OF SSF AFTER CON A 
STIMULATION.
ASSAY SYSTEM* DAY 5 ANTI- SRBC PFC /  CULTURE9
ASSAY .
NO. NORMAL
WHOLE SPLEEN N A'
SSF CS SSF CS
N A +  AD A D
SSF CS SSF CS
4 0  7 7 6  185 (24) 859(110) 590(76) -  108(14) 763(98) -  -
4 2 875  130(15) 1,230(140) 894(102) -  225(26) 1,312(150) -  -
45  583 143(25) 549(94) 891(153) 643(110)163(28) 594(102) 599(103) 603(103)
50  608 110 (18) 673010) -  -  203(33) 712(117) -  -
0  SSF* Culture Fluid from Con A Stimuloted Cells 
b q$ : Culture Fluid from Unstimulated 
c NA ; 5 X I06  Non-Adherent Cells 
d AD ' 5 X I05  Adherent Cells (Plastic,2 hr)
6  % of Normal PFC Response
* Assay System > PFC Response- No CS or SSF Added 
a
Mean PFC for Duplicate Culture
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TABLE 3
TREATMENT OF ADHERENT (AO) AND NON-ADHERENT(NA) SPLEEN 
CELLS WITH ATGG PRIOR TO RECOMBINATION AND STIMULATION 
WITH CON A FOR SSF PRODUCTION
SSF PRODUCTION





DAY 5 ANTI-SRBC PFC
SSF' CS NORMAL
4 7 1,688
+ 1 , 6 8 8




— 50 1 1 0 673
+ 745 793
— — 203 712
+ — 1 17 542
— + 600 638
+ + 2,325 651
608
o ,b ,c




ASSAY OF SSF ACTIVITY ON SPLEEN CELLS FROM 
ADULT THYMECTOMIZED RABBITS
a IN VIVO SSF 




DAY 5 ANTI-SRBC PFC /  CULTURE*
NORMAL
3 8 ,6 2 5
S S F C S
19,750(32)* 6 6 ,3 3 3 0 0 9 )
2 7 B SRBC 2 1 ,5 0 0 6 ,1 5 0 (2 9 )  19 ,500(91)
31 ONP-OVA 9
8
9 9 0 110( 10) 
150 (14)
9 4 0 (9 5 )
9 0 0 (9 1 )
56 DNP-OVA 3 13 ,041 2 ,8 5 1 (2 2 )  1 0 ,9 5 7 (8 4 )
0  Rabbit Donor (-6*1) for Assay Spleen Cells 
b PFC In Assoy S y s tem - No CS or SSF Added 
c SSF* Culture Fluid from Con A Stimulated Cells 
** CS1 Culture Fluid from Unstimulated Cells 
e Mean PFC for Duplicate Cultures 
* % Normal PFC Response
When s p le e n  c e l l s  w ere  p r e t r e a t e d  w ith  1 :2  d i l u t i o n s  o f  ATGG 
and com plem ent b e fo re  th e  a d d i t io n  o f  SSF c u l tu r e  s u p e r n a ta n t  f l u i d s  
(T ab le  5 ) ,  th ey  showed s u p p re s se d  PFC re s p o n s e s ,  w hich  su g g e s te d  ATGG 
tr e a tm e n t  d id  n o t  remove th e  SSF t a r g e t  c e l l ,  how ever such  t r e a tm e n t  
d id  e l im in a te  th e  SSF p ro d u c in g  c e l l .  T h e re fo re ,  th e  p o p u la t io n  o f  
c e l l s  upon w hich  SSF e x e r t s  i t s  s u p p r e s s iv e  a c t i o n  a p p e a rs  to  be 
d i s t i n c t  from  th e  c e l l  p ro d u c in g  SSF. The c e l l s  in  t h i s  p o p u la t io n  
a r e  a p p a r e n t ly  u n e f f e c te d  by thym ectom y and  a r e  i n s e n s i t i v e  to  th e  a c t io n  
o f  ATGG and com plem ent.
To d e te rm in e  w h e th e r  th e  t a r g e t  c e l l  i s  n o n a d h e re n t o r  a d h e re n t ,  
s p le e n  c e l l s  w hich  w ere to  be  a s sa y e d  w ere f r a c t i o n a t e d  on a  p l a s t i c  
s u r f a c e .  Each c e l l  f r a c t i o n  was th e n  in c u b a te d  w ith  e i t h e r  
SSF o r  CS c u l t u r e  f l u i d  f o r  2 h o u r s ,  w ashed , recom bined  and c u l tu r e d  
in  th e  p re s e n c e  o f  a n t ig e n  f o r  PFC re s p o n s e  (T a b le  6 ) .  Two h o u r 
in c u b a t io n  o f  w hole s p le e n  c e l l s  w ith  SSF showed t h a t  t h i s  tim e  p e r io d  
was s u f f i c i e n t  to  s u p p re s s  PFC re s p o n s e s  and t h a t  th e r e  was no a p p a re n t 
lo s s  in  SSF a c t i v i t y .  R ecom bination  o f  n o n - t r e a te d  n o n a d h e re n t and 
a d h e re n t  c e l l s  d id  n o t  a p p re c ia b ly  re d u c e  t h e i r  c a p a c i ty  to  re sp o n d  
to  a n t ig e n .  The c u l tu r e  f l u i d  (SSF and CS) t r e a t e d  f r a c t i o n  re sp o n se s  
w ere com pared to  th e  PFC re sp o n se  o f  u n t r e a te d  recom bined  c e l l  c u l t u r e s .  
Only th o s e  c u l tu r e s  w hich c o n ta in e d  a d h e re n t  c e l l s  w hich  had  b een  t r e a t e d  
w ith  SSF showed s i g n i f i c a n t  s u p p re s se d  PFC re s p o n s e s ,  w h ile  th o s e  c u l tu r e s  
w hich  had  th e  n o n a d h e re n t c e l l  a lo n e  exposed  to  SSF re sp o n d e d  o p t im a l ly  
to  a n t ig e n .  When th e  a d h e re n t  c e l l s  w ere  t r e a t e d  w ith  ATGG and com plem ent 
p r i o r  to  e x p o su re  to  SSF th e r e  was no lo s s  in  t h e i r  a b i l i t y  to  m e d ia te  
SSF s u p p r e s s io n .
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TABLE 5
TREATMENT OF SPLEEN CELLS(ASSAY SYSTEM) WITH ATGG 
DOES NOT ALLEVIATE THE SUPPRESSIVE EFFECT OF SSF 
ON THESE CELLS TO SRBC CHALLENGE IN VITRO
ASSAY SYSTEM « DAY 5 ANTI1- SRBC PFCf
PRIOR TREATMENT WITH ATGG + Cf*
ASSAY
NO. 0 NORMAL6 c s d SSF®
47 1687 3,812 (226) 5 0 0 ( 3 0 )
50 6 0 8 1,150(180) 155 (25)
6 1,638 — 213 (13)
Q 6Spleen Celle from Normal Donor (5X 10 per Culture)
b PFC per Culture, Untreated, No CS or SSF Added
c Spleen Celle Treated with ATGG Prior to the Addition of CSorSSF
See Legend, Previoue Tablet
F ig u re  3 . E x p e rim e n ta l p la n  f o r  t r e a t i n g  NA o r  AD c e l l s  w ith  





CELLS ' / / / / / /  '  I
P l a s t ic  
Dish  
( 2 h r / 3 7 ° )
SSF OR CS
No n 1
a d h e r e n t
c e l l s
2  HR.
Ad h e r e n t







R e c o m b in e
In Cu l t u r e --------
( 5  X lo fy










SSF/CS* DAY 5 ANTI-SRBC PFCd
2 Hr 5 DAYS 4 8 * 43* 5 0 f
A SPLEEN + 9 4 ,0 0 0 117,125 6 0 6
(WHOLE)
2 ,1  17 6 ,625 6 0
+ -  SSF 4 0 , 7 5 0 4 4 ,8 7 5 1 1 0
+ CS 1 0 6 ,5 5 3 105,125 6 7 3
+ SSF - 1 0 0 , 0 0 0 42  £ 5 0 1 1 3
+ -  SSF 4 7 , 0 0 0 3 5 ,8 7 5 —
B NON-ADHERENT + 9 9 ,0 0 0 1,675
(NA) - 7 ,5 0 0 -
+ -  S S F 4 7 ,0 0 0 962
CS 8 9 ,0 0 0 -
+ SSF - * 1 , 6 8 8
0  5XI()P Cells /  Culture
b 5XIO® SRBC Added (+) , Not Addod (-)
c
SSF or CS Ineiibotod with Colit for 2 Hr or for the Duration, 5 Days 
d Moon PFC for Dupllcote Cultures 
0  Sploon Colls from Primod Donor, * Non Primed Donor
9  NA ond AD Cells Seperoted on Plastic for 2  Hr
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TABLE 6





S SF/C Sc DAY 5 ANTI-SRBC PFCd
SRBCb 2 Hr 5 DAYS
COV 43* 50 f
C NA + AO + 7 4 ,6 6 6 73 ,8 75 746
- - 9 ,625 135
+ — SSF 35 ,625 37 ,8 75 137




SSF OR CS 
FOR 2 Hr
NA AD
D NA + AD + C S CS 6 1 ,3 3 3 6 4 ,5 0 0 1,450
+ C S SSF 40 ,625 30 ,375 178
+ SSF SSF 32,125 33 ,125 133
+ S S F CS 9 1 ,5 0 0 53 ,875 1,500
E NA +  ADh ■F CS CS - 65 ,375 1,638
(AD TREATED + CS SSF - 36 ,6 25 150
with 











" Set Legends Previous Table 
b AD Cells Treat with ATGG ( |:2 )  Prior to Exposure to SSF or CS
When n o n a d h e re n t c e l l s  a r e  In c u b a te d  w ith  a n t ig e n  and SSF f o r  
th e  d u r a t io n  o f  th e  c u l tu r e  p e r io d  th e  PFC re sp o n se  was s u p p re s se d  
(T a b le  7 ) .  T h is  may be cau sed  by  a  c o n ta m in a tio n  o f  non T a d h e re n t  
m e d ia to r  c e l l s  In  th e  n o n a d h e re n t c e l l  s u b p o p u la t io n  w hich  b e c a u se  
o f  t h e i r  red u ced  num bers o f  d i f f e r e n t  s t a t e s  o f  a c t i v i t y  r e q u i r e  
a  lo n g e r  ex p o su re  to  SSF to  m e d ia te  s u p p re s s io n .
The SSF p ro b a b ly  does n o t  a c t  d i r e c t l y  on th e  PFC p r e c u r s o r  B 
c e l l .  The n o n a d h e re n t c e l l s  can  g iv e  an  a d e q u a te  re s p o n s e  to  a n t ig e n ,  
y e t  f a i l  to  b e  s u p p re s s e d  by a  2 h o u r  ex p o su re  to  SSF. No d i r e c t  
e v id e n c e  w hich e l im in a te s  th e  B c e l l  a s  th e  d i r e c t  t a r g e t  o f  SSF has  
b e  a d e q u a te ly  shown.
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T ab le  7
A b i l i ty  o f  SSF to  S u p p ress  th e  Immune R esponse 
o f  N o n ad h eren t C e l ls  to  SRBC In  V itro
SSF added*1 Day 5 a n t i  SRBC P F C /c u ltu re
A ssay No. 2 h r .  5 days NA a lo n e a  SSF CS
15 -  10 ,563
+ 8 ,5 0 0
19 -  1 ,0 0 8
+ 366 1 ,0 0 8
43 -  99 ,000
+  4 7 ,0 0 0  89 ,167
50 -  1 ,6 7 5
+ 962
+  -  1,688
aN o nadheren t c e l l s  w ere  c u l tu r e d  (5 X 10^) w ith  SRBC a lo n e  
^SSF o r  CS added to  c u l tu r e s  o f  NA f o r  e i t h e r  2 h r .  fo llo w e d  by 
a wash in  f r e s h  m edia and  c u l t u r e  w ith  a n t ig e n ,  o r  th e  NA c e l l s  
w ere in c u b a te d  w ith  SSF o r  CS f o r  th e  d u r a t io n  o f  th e  c u l tu r e
DISCUSSION
C o n can a v a lin  A I s  a  T - c e l l  m ito g en  in  th e  r a b b i t  (S h ep p ard  
e t  a l ,  1976) and m urine  (S to b o  e t  a l . ,  1972) s y s te m s . A side  from  
i t s  a b i l i t y  t o  p ro v o k e  b l a s t  t r a n s f o r m a t io n  i n  r a b b i t  lym phoid  
p o p u la t io n s  ( S e l l  and S h ep p a rd , 1 9 7 5 ), i t  h a s  b een  shown p r im a r i ly  
i n  i n  v i t r o  s y s te m s , to  s t im u la t e  lym phoid  c e l l s  to  e x e r t  a  s u p p re s s iv e  
e f f e c t  on th e  immune re sp o n se  (Roszm an, 1975; Redelman e t  a l ,  1976) 
and p ro v o k e  th e s e  c e l l s  to  e l a b o r a te  s o lu b le  p ro d u c ts  w h ich  can  a l s o  
be  im m u n o su p p ressiv e . The sy s te m  d e s c r ib e d  i n  th e  p re v io u s  c h a p te r  
in v o lv in g  g e n e r a t io n  o f  s u p p r e s s iv e  s u p e r n a ta n t  f l u i d s  (SSF) from  
Con A in d u c e d  r a b b i t  s p le e n  c e l l s ,  p e rm i t te d  an  i n v e s t i g a t i o n  in to  
th e  t e n t a t i v e  i d e n t i t y  o f  th e  c e l l ( s )  p ro d u c in g , o r  a t  l e a s t  r e q u ir e d  
f o r  th e  p ro d u c t io n  o f  SSF and a l s o  th e  s i t e  o f  a c t io n  f o r  th e  s o lu b le  
p ro d u c ts  in  SSF.
D ata  p r e s e n te d  i n  t h i s  c h a p te r  g iv e  e v id e n c e  t h a t  th e  p ro d u c tio n  
o f  SSF r e q u i r e s  th e  p re s e n c e  o f  T - c e l l s  w hich  a r e  s e n s i t i v e  to  in
v i t r o  t r e a tm e n t  w ith  ATGG p lu s  com plem ent and a r e  d e p le te d  from  th e
s p le e n  35 days a f t e r  a d u l t  thym ectom y. C u ltu re s  o f  s p le e n  o r  thymus 
c e l l s  p ro d u ced  SSF fo llo w in g  s t im u la t io n  w ith  Con A w h ile  m e s e n te r ic
lymph node c e l l  c u l t u r e s  d id  n o t .  The a b i l i t y  to  p ro d u ce  SSF and
th e  c e l l u l a r  s i t e  o f  a c t i o n  o f  SSF a p p e a rs  to  r e s i d e  i n  d i s t i n c t  
p o p u la t io n s .  A d h eren t c e l l s  t r e a t e d  w ith  ATGG p lu s  com plem ent, a s  w e ll  
as  s p le e n  c e l l s  from  thym ectom ized  d o n o rs , do n o t  e l a b o r a te  SSF,
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y e t  n e i t h e r  m a n ip u la t io n  e l im in a te d  th e  a b i l i t y  o f  th e s e  c e l l s  to  
m e d ia te  s u p p re s s io n  fo llo w in g  ex p o su re  to  SSF. I t  a p p e a rs  p ro d u c tio n  
and m e d ia tio n  o f  s u p p re s s io n ,  cau sed  by ConA s t im u la t io n ,  r e s id e s  
i n  d i f f e r e n t  c e l l s  w i th in  th e  a d h e re n t  f r a c t i o n  o f  th e  s p le e n .
The d a ta  p r e s e n te d  h e re  i n d i c a t e  t h a t  th e  T c e l l  w hich  p ro d u cess
SSF c a n n o t be d e te c te d  in  th e  m e s e n te r ic  lymph nodes b u t  i s  a c t i v e  
i n  th e  thymus and s p le e n .  In  th r e e  e x p e r im e n ts  10 yg Con A f a i l e d  
to  s t im u la t e  MLN c e l l  c u l tu r e s  t o  p ro d u ce  d e t e c ta b le  l e v e l s  o f  SSF.
When 20 yg Con A was u sed  to  s t im u la t e  MLN, i t  r e s u l t e d  in  c u l tu r e  
f l u i d s  w hich  enhan ced  th e  PFC re s p o n s e s  in  th e  a s s a y  c u l tu r e s  ( 9 - f o l d ) . 
On th e  o th e r  hand  b o th  s p le e n  c e l l s  and thym ocy tes p ro v ed  c a p a b le  o f  
p ro d u c in g  SSF. I t  was r e p o r te d  t h a t  a d u l t  sp len ec to m y  red u ce d  c y c l i c a l  
a n tib o d y  p ro d u c t io n  to  human IgG in  th e  r a b b i t  and  d e p re s s e d  th e  PFC 
re s p o n se  i n  th e  MLN and p e r ip h e r a l  b lo o d  lym phocy te  (PBL) (Rom ball 
and W eig le , 1 9 7 7 ). They c o n c lu d ed  t h a t  th e  s p le e n  m ig h t p la y  a  s p e c i f i c  
f u n c t io n a l  r o l e  i n  th e  r e g u la t io n  o f  th e  immune re s p o n se  i n  r a b b i t  
lym phoid t i s s u e ,  by  p ro v id in g  a  s i t e  i n  w h ich  a n t ib o d y  fo rm in g  p r e c u r ­
s o r  c e l l s  and s u p p re s s o r  c e l l s  a r e  a c t i v a t e d  fo llo w in g  a n t ig e n  i n j e c t i o n  
and w hich a r e  th e n  d is s e m in a te d  in t o  th e  o th e r  p e r ip h e r a l  lym phoid 
t i s s u e s .  A number o f  o th e r  s tu d i e s  have  s u g g e s te d  w hat th e  s p le e n  
m ig h t im p a r t a  (m e d ia tin g )  in f lu e n c e  d u r in g  T d ev e lo p m en t. P ie r c e  
(1967) showed t h a t  s p le n e c to m iz e d  m ice showed s i g n i f i c a n t  in c r e a s e s  
i n  a n tib o d y  l e v e l s  to  u l t r a c e n t r i f u g e d  b o v in e  gamma g lo b u l in ,  w hich  
n o rm a lly  a c t s  as  a  to l e r g e n ,  w h ereas  sham sp le n e c to m iz e d  an im a ls  d id  
n o t .  M osier and  Johnson  (1975) s u g g e s te d  t h a t  th e  re d u c e d  im m uno log ica l 
re s p o n s iv e n e s s  o f  n e o n a ta l  m ice may b e  l in k e d  to  th e  p re s e n c e  o f
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l a r g e  num bers o f  T c e l l s  In  th e  s p le e n  a t  t h i s  tim e . G ershon3
e t  a l .  (1974) and  Wu and Lance (1974) b o th  r e p o r te d  e v id e n c e  w hich 
showed t h a t  s p le e n  s e e k in g  T - c e l l s  e x e r t  s u p p re s s iv e  a c t i v i t y  on 
In  v iv o  DNA s y n th e s i s  I n  T - c e l l s  homing to  lymph n o d e s . R ich  and 
R ich  (1974) showed a n a to m ic a l s e g r e g a t io n  In  th e  s p le e n  f o r  s u p p re s s o r  
a m p l i f i e r  a c t i v i t i e s  d u r in g  th e  m ixed lym phocyte r e a c t io n .  F in a l ly  
Sy e t  a l .  (1978) u sed  m ice immunized w ith  DNBSO^ to  show t h a t  a l th o u g h  
th e y  became s e n s i t i v e  to  DNFB, t r a n s f e r  o f  T s u p p re s s o r  c e l l s  from  
th e  p e r ip h e r a l  lymph node was a b ro g a te d  i f  th e  an im a ls  w ere s p le n e c ­
tom ized  b e f o r e ,  a t ,  o r  up to  th r e e  days a f t e r  im m u n iz a tio n . They 
co n c lu d ed  th a t  th e  s p le e n  s e r v e s  a s  a  s i t e  f o r  th e  s e n s i t i z a t i o n  o f
th e  T c e l l s  by a n t ig e n  and t h a t  th e y  p e r l p h e r a l i z e  w i th in  th r e e  days 
s
a f t e r  a c t i v a t i o n .  However, M onier (1975) h a s  shown t h a t  immuno­
s u p p re s s iv e  T - c e l l s  r e s id e  i n  th e  s p le e n  and lymph node and m e d ia te  
a n t ig e n ic  c o m p e tit io n  i n  b o th  a r e a s .  L an d ah l e t  a l . (1976) showed
no d e f e c t  i n  th e  a b i l i t y  to  T and B c e l l s ,  in  a s p le n ic  o r  n e o n a ta l ly
sp le n e c to m iz e d  m ice , t o  c o o p e ra te  i n  in  v iv o  o r  i n  v i t r o  immune 
r e s p o n s e s .  R o thberg  and  cow orkers (1973) found  t h a t ,  a l th o u g h  a d u l t  
sp len ec to m y  in  th e  r a b b i t  d e la y e d  th e  i n i t i a l  a n tib o d y  re sp o n se  to  
a n t ig e n  a d m in is te re d  in t r a v e n o u s ly ,  i t  had  no s i g n i f i c a n t  e f f e c t  
by th e  f o u r te e n th  day on th e  re sp o n se  o f  lymph node c e l l s .
A d u lt thymectomy o f  r a b b i t s  u sed  in  t h i s  s tu d y  was p e rfo rm ed
when th e  r a b b i t s  w ere  6 to  8 weeks o ld  and th e  s p le e n s  w ere n o t  t e s t e d  
u n t i l  f i v e  weeks l a t e r .  I t  was shown by o th e r s  t h a t  thym ectom y r e s u l t e d  
i n  in c r e a s e d  l e v e l s  o f  c i r c u l a t i n g  a n t ib o d y ,  made su b o p tim a l doses 
o f  DNP-OVA im m unogenic, and a l l e v i a t e d  a n t ig e n ic  c o m p e tit io n  (C h in , 1 9 7 8 ).
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S im i la r  f in d in g s  a r e  se e n  when ATGG i s  a d m in is te re d  to  th e  norm al
an im al (A rn o ld , 1 9 7 5 ). T hese r e s u l t s  s u g g e s t  t h a t  a  s u p p re s s iv e
r e g u la to r y  m echanism  i s  removed o r  d i l u t e d  o u t as  a  r e s u l t  o f  th e s e
e x p e r im e n ta l m a n ip u la t io n s .  S p le e n  c e l l s  from  a d u l t  thym ectom ized
r a b b i t s  and c e l l s  t r e a t e d  J j i  v i t r o  w ith  ATGG p lu s  com plem ent f a i l  to
p ro d u ce  d e t e c ta b le  SSF fo llo w in g  a  Con A p u l s e .  I t  was o f  i n t e r e s t
to  d e te rm in e  i f  a  s p le e n  from  a  r a b b i t  g iv e n  ATGG, as  r e p o r te d
p r e v io u s ly  (A rn o ld , 1975; C h in , 1978) w ould a l s o  f a i l  to  p ro d u ce
SSF. R e s u l ts  from  an ex p e rim e n t (n o t  p r e s e n te d )  w ere  e q u iv o c a l  s in c e
c u l tu r e  f l u i d s  h a rv e s te d  from  Con A s t im u la te d  s p le e n  c e l l s  removed
from  th e  t e s t  an im a l red u ce d  th e  PFC re sp o n se  o f  th e  a ssa y  c u l tu r e s  to
61% o f  no rm al b u t  n o t  to  th e  l e v e l s  s e e n  w i th  th e  u s u a l  SSF a c t i v i t y .
B ecause t h i s  e x p e r im e n ta l ap p ro ac h  was v e ry  e x p e n s iv e  i n  te rm s o f  ATGG,
90 mg o f  p u r i f i e d  g o a t IgG p e r  an im al was u s e d , and i n  o r d e r  to  com p le te
t h i s  ap p ro ach  r e q u i r e d  a  s y s te m a t ic  s tu d y  o f  i n j e c t i o n  s c h e d u le s  and
co p io u s  am ounts o f  ATGG, t h i s  avenue was a b o r te d .  T hese r e s u l t s  do
I n d ic a te  how ever, t h a t  th e  c e l l  r e s p o n s ib le  f o r  p ro d u c t io n  o f  SSF i s
a  T c e l l  t h a t  h a s  s u p p re s s iv e  c a p a c i ty  i . e .  T » and i s  e i t h e r  a  s h o r ts
l i v e d  c e l l  o r  d ep en d e n t upon th e  p re s e n c e  o f  th e  i n t a c t  thymus an d / 
o r  a  c i r c u l a t i n g  thym ic hormone to  p o t e n t i a t e  i t s  r e g u la to r y  n a t u r e .  
R ecen t e v id e n c e  w hich  I m p l ic a te  a  p o t e n t i a t i n g  thym ic hormone h a s  come 
from  A sherson  e t  a l  (1976) w here thym ic t i s s u e  c o n ta in e d  in  a  d i f f u s io n  
cham ber im p la n te d  in  a  t e s t  an im a l r e s u l t e d  in  th e  m a in ten a n ce  o f  Tg 
c e l l s  i n  th e  s p le e n  o f  a d u l t  thym ectom ized  m ic e . O th e r  s tu d ie s  
m en tioned  p r e v io u s ly ,  s p e c i f i c a l l y  R ich  and R ich  (1974) and G ershon 
e t  a l .  (1974) and Wu and Lance (1974) a l l  s u p p o r t  th e  co n ce p t o f  a
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c o n s ta n t  s e e d in g  o f  th e  s p le e n  w ith  T - c e l l s  from  th e  thymus w ith  
s u p p re s s o r  a c t i v i t y .
In  t h i s  s tu d y  we showed t h a t  th e  c e l l  o r  c e l l s  w hich  p ro d u ce  
SSF a r e  n o t a c t iv e  in  e i t h e r  th e  NA o r  th e  AD p o p u la t io n s  when 
c u l tu r e d  i n d i v id u a l ly  w ith  Con A. I t  can  be  a rg u e d  t h a t  th e  e x p e r i ­
m e n ta l m a n ip u la t io n s  em ployed d u r in g  c e l l  s e p a r a t io n  may r e s u l t  i n  th e  
lo s s  ( i n a c t i v a t i o n )  o f  th e  SSF p ro d u c in g  c e l l  w hich  re n d e r s  th e  NA o r  
AD f r a c t i o n s  u n re sp o n s iv e  to  th e  s t im u la to r y  e f f e c t s  o f  Con A.
H owever, i n  th r e e  i n d i v id u a l  e x p e r im e n ts  s p le e n  c e l l s  w ere  s e p a r a te d  
i n t o  NA and AD c e l l s ,  reco m b in ed , s t im u la te d  w ith  Con A and th e y  
p ro d u ced  d e t e c ta b le  l e v e l s  o f  SSF even  though o n ly  70% t o t a l  c e l l s  
w ere  r e c o v e ra b le  from  th e  s t a r t i n g  s p le e n  c e l l  num ber. The recom bined  
NA and AD c u l tu r e s  p ro d u ce  SSF a s  e f f e c t i v e  i n  th e  a s s a y  sy stem  as  
SSF p ro d u ced  by u n s e p a ra te d  s p le e n  c e l l  c u l t u r e s .  I t  i s  p o s s ib le  t h a t  
e x p re s s io n  o f  s p le n i c  Ts  i s  d ep en d en t upon an  i n t e r a c t i o n  be tw een  
c e l l s  found  in  b o th  NA and AD f r a c t i o n s .  The s i m i l a r  c o n c e p t was 
p ro p o se d  by A ra la -C h av es  e t  a l .  (1978) when th e y  found  t h a t  th e  re sp o n s e  
o f  human ly m p h o cy tes , to  Con A.was d ep en d e n t upon two p o p u la t io n s  o f  
T - c e l l s ,  one a d h e re n t  to  c o t to n  w ool and th e  o th e r  n o n a d h e re n t .  
A l t e r n a t iv e ly  th e  SSF p ro d u c in g  c e l l  may r e s id e  p r im a r i ly  i n  one f r a c t i o n  
w hich  r e q u i r e s  th e  p re s e n c e  o f  o th e r  c e l l s  ( T - c e l l ,  m acrophages) as  
i n  a  f e e d e r  l a y e r  e f f e c t  (G rav es , 1 9 7 8 ). When th e  i s o l a t e d  NA o r  AD 
f r a c t i o n s  w ere  in d e p e n d e n tly  t r e a t e d  w ith  ATGG p lu s  com plement and 
recom bined  i t  was se e n  t h a t  th e  AD f r a c t i o n  c o n ta in e d  an ATGG s e n s i t i v e  
c e l l  p o s s ib ly  r e s p o n s ib le  f o r  SSF p r o d u c t io n .  T rea tm e n t o f  th e  NA 
c e l l s  w ith  th e  a n t i s e r a  had no e f f e c t  on SSF p ro d u c tio n  in  re  comb f. tied
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c u l tu r e s  e x c e p t when added to  ATGG t r e a t e d  AO c e l l s  th u s  g iv in g  
p r e l im in a ry  s u p p o r t  f o r  a  f e e d e r  l a y e r  re q u ire m e n t o f  th e  Tg a d h e re n t 
c e l l .
I t  was s u g g e s te d  in  t h £ p r e v i o u s  c h a p te r  and now a g a in  in  th e  
r e s u l t s  p r e s e n te d  i n  t h i s  c h a p te r ,  t h a t  th e  n o n s p e c i f ic  s u p p re s s iv e  
e f f e c t  th a t  Con A e x e r t s  on th e  PFC re sp o n s e  o f  r a b b i t  s p le e n  c e l l s  
does n o t  r e q u i r e  d i r e c t  c e l l  to  c e l l  c o n ta c t  betw een  th e  m itogen  
s t im u la te d  c e l l  and th e  t a r g e t  c e l l .  A d d i t io n a l  d a ta  now in d i c a te s  
t h a t  th e  s u p p re s s iv e  e f f e c t  s t im u la te d  by Con A i s  i n d i r e c t  in  t h a t  
s u p p re s s io n  w i l l  o c c u r  w ith o u t  th e  p re s e n c e  o f  Con A in  th e  a ssa y  
c u l t u r e ,  and can  b e  e l i c i t e d  when d i l u t e d  s u p e r n a ta n t  f l u i d s  from  
Con A s t im u la te d  c u l tu r e s  a r e  added  to  no rm al a s s a y  c u l tu r e s  p lu s  t e s t  
a n t ig e n .  The i d e n t i t y  o f  th e  t a r g e t  c e l l  f o r  SSF h a s  n o t  b een  d e f in e d ,  
a l th o u g h  th e  n e t  e f f e c t  o f  SSF a c t i v i t y  i s  th e  r e d u c t io n  o f  th e  PFC 
r e s p o n s e ,  and  th e r e f o r e  th e  u l t im a te  a c t io n  may b e  th e  a l t e r a t i o n  in  
B c e l l  (PFC p r e c u r s o r )  f u n c t io n .  I t  was s u g g e s te d  to  be  a  d i r e c t  
e f f e c t  by Redelman e t  a l  (1 9 7 6 ) , and t h e i r  i n v e s t i g a t i o n  in d i c a te d  a 
r e d u c t io n  in  B c e l l  p r o l i f e r a t i o n  and  n o t  an i n t e r f e r e n c e  w i th  th e  
in d u c t io n  and r e c r u i tm e n t  p h a se  o f  th e  immune r e s p o n s e . P ie r c e  and 
o th e r s  (Tadakuma and P i e r c e ,  1978) show ed, in  a  s e r i e s  o f  e l e g a n t  
s t u d i e s ,  t h a t  t h e i r  Con A In d u ced  SIRS f a c t o r  s h u t  down B c e l l  p r o l i f ­
e r a t i o n ,  b u t  no d i f f e r e n t i a t i o n ,  th u s  re d u c in g  th e  PFC re s p o n se  i n  
a s s a y  c u l t u r e s .  However, th e  SIRS a c t i v i t y  w as I n d i r e c t  and m ed ia te d  
by s o lu b le  p ro d u c ts  r e le a s e d  by a  SIRS s t im u la te d  m acrophage (Takakuma 
and P ie r c e ,  1 9 7 6 ) . We d e s ig n e d  e x p e rim e n ts  to  t r y  to  d i s t i n g u i s h  
betw een  a  d i r e c t  e f f e c t  on B c e l l  p r o l i f e r a t i o n  and  th e  p o s s i b i l i t y
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o f  a  t h i r d  c e l l  m e d ia to r  o f  SSF a c t i v i t y .  The r e s u l t s  show t h a t  AD 
c e l l s  exposed  to  SSF f o r  2 h o u rs  and  th e n  w ashed , can  m e d ia te  s u p p re s s io n  
w h ile  s i m i l a r l y  t r e a t e d  NA c e l l s  do n o t .
Thus th e  r a b b i t  a p p e a rs  s i m i l a r  to  th e  mouse in  t h i s  r e s p e c t
and e v id e n c e  acc u m u la ted  th u s  f a r  w ould i n d i c a t e  t h a t  SSF, l i k e
SIRS, may a c t  on a  c e l l  n o t  in v o lv e d  d i r e c t l y  i n  a n tib o d y  p ro d u c tio n
(AD c e l l s  when c u l tu r e d  a lo n e  f a l l  to  p ro d u ce  s i g n i f i c a n t  l e v e l s
o f  PFC d u r in g  c u tu r e ,  w h ereas  NA c e l l s  do ; s e e  C h a p te r  3 ) .  I t  co u ld
be a rg u e d  t h a t  th e  f a c t o r  p ro d u c in g  T c e l l ,  s in c e  i t  i s  a d h e re n ts
to  p l a s t i c  i s  a l s o  th e  r e c i p i e n t  and th e r e f o r e  th e  s i t e  o f  a c t io n  f o r  
SSF o r  t h a t  a  seco n d  s u b p o p u la t io n  o f  T - c e l l s  i s  th e  t a r g e t  f o r  SSF. 
A d h eren t c e l l s  t r e a t e d  w ith  ATGG, p r i o r  t o  e x p o su re  t o  SSF, r e t a in e d  
t h e i r  a b i l i t y  to  m e d ia te  s u p p re s s io n .
The c e l l s  i n  th e  AD f r a c t i o n  c o n ta in  s i g n i f i c a n t  l e v e l s  o f  T - c e l l s  
( s e e  C h a p te r  3) a s  does th e  NA f r a c t i o n .  I t  h a s  b een  r e p o r te d  t h a t  
th e  s p le e n  p o s s e s s e s  l e s s  th a n  1 % m acrophage i n  th e  n u c le a te d  c e l l  
p o p u la t io n  (C u rly  e t  a l . ,  1974) and  p r e l im in a r y  b u t  n o t  y e t  com p le te  
s tu d ie s  o f  th e  r a b b i t  AD c e l l  f r a c t i o n  shows an  e n r ic h m e n t o f  p h a g o c y t ic  
m ononuc lear c e l l s .  Thus th e  s e p a r a t io n  te c h n iq u e  y i e l d s  f r a c t i o n s  
c o n ta in in g  a  m ix tu re  o f  c e l l  ty p e s  w h ich  n eed  to  be  more c a r e f u l ly  
c h a r a c te r i z e d  b e f o r e  th e  t a r g e t  c e l l  o f  SSF can be  a s c r ib e d  to  one 
p o p u la t io n .  The p o s s i b i l i t y  t h a t  th e  n o n a d h e re n t c e l l  f r a c t i o n  c o n ta in e d  
some m acrophages and can  b e  s u p p re s s e d  when c u l tu r e d  w ith  SSF and a n t ig e n  
f o r  th e  e n t i r e  5 day a s s a y  p e r io d  le n d s  a d d i t i o n a l  s u p p o r t  to  th e  
i n e f f i c i e n c y  o f  th e  ad h e re n ce  te c h n iq u e .
Chapter 4
P re se n c e  o f  C e l ls  w i th  S u p p re s s iv e  A c t i v i t y  In  th e  A d h eren t 
C e l l  F r a c t io n  o f  R a b b it  S p le e n  C e l l s  S e p a ra te d  by P l a s t i c
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INTRODUCTION
E x p erim en ts  r e p o r te d  I n  C haper 3 p r e s e n te d  e v id e n c e  t h a t  c e l l s  
found  In  th e  a d h e re n t f r a c t i o n  (AD) fo l lo w in g  In c u b a t io n  on p l a s t i c  
may p o s s ib ly  r e g u la te  th e  Immune re sp o n se  o f  th e  w hole s p le e n  c e l l  
p o p u la t io n .  The r e s u l t s  I n d ic a te d  t h a t  I t  I s  an  a d h e re n t  thymus d e r iv e d  
c e l l  ( T - c e l l )  w hich  I s  s t im u la te d  by th e  p o ly c lo n a l  m ito g e n , C oncan- 
a v a l in  A (Con A) to  p ro d u ce  s u p p re s s iv e  s u p e r n a ta n t  f l u i d s  (S S F ).
SSF may i n  tu r n  s t im u la t e  o th e r  n o n -T -a d h e re n t c e l l s  to  become s u p p r e s s iv e ,  
re d u c in g  th e  day 5 i n  v i t r o  PFC re sp o n se  to  sh eep  re d  b lo o d  c e l l s  
(SRBC). The s t im u la t io n  o f  th e  t a r g e t  c e l l  i s  a p p a r e n t ly  n o t  
r e v e r s i b l e  s in c e  s u p p re s s o r  a c t i v i t y  i s  d e t e c ta b le  i n  th e  AD f r a c t i o n  
fo llo w in g  a  2 h o u r  in c u b a t io n  p e r io d  w ith  SSF. At th e  same tim e 
s i m i l a r  t r e a tm e n t  o f  n o n a d h e re n t (NA) c e l l s  f o r  2 h o u rs  f a i l e d  to  
show s u p p re s s iv e  a c t i v i t y .  H owever, 5 day e x p o su re  o f  NA c e l l s  to  
SSF showed s u p p re s s iv e  a c t i o n .  T hese r e s u l t s  i n d i c a t e  t h a t  an  a d h e re n t  
c e l l ,  p o s s ib ly  th e  s p le n i c  m acrophage, i s  th e  t a r g e t  and m e d ia to r  o f  
s u p p re s s io n  by SSF.
I t  was a l s o  o b se rv e d  t h a t  th e  s e p a r a t io n  te c h n iq u e  and  su b se q u e n t 
re c o m b in a tio n  o f  NA and AD c e l l s  from  SRBC prim ed  s p le e n  r e s u l t e d  i n  
lo w er PFC re s p o n s e s .  T hese r e s u l t s  p o s s ib ly  r e f l e c t e d  th e  lo s s  o f  
c e l l s  d u r in g  th e  s e p a r a t io n  te c h n iq u e .  I t  was a l s o  n o te d  t h a t  i f  
5 X 10^ NA c e l l s  from  th e s e  f r a c t i o n s  w ere  c u l tu r e d  a lo n e  w ith  SRBC 
a s i g n i f i c a n t  l e v e l  o f  th e  PFC re sp o n s e  t o  SRBC rem a in ed , w h ile  
c u l tu r e s  o f  NA c e l l s  from  no rm al an im a ls  w ere  s i g n i f i c a n t l y  h ig h e r  th a n
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th e  norm al p rim a ry  re sp o n s e  o f  w hole s p le e n  c e l l s .
The m acrophage h a s  b een  Im p l ic a te d  as  an  Im p o rta n t c e l l  component 
In  th e  In d u c tio n  and r e g u la t io n  o f  th e  Immune r e s p o n s e , a l th o u g h  
by i t s e l f ,  th e  m acrophage p o s s e s s e s  no " im m u n o lo g ica l s p e c i f i c i t y "  
(P ie r c e  and Kapp, 1 9 7 6 ). The c e l l  h as  b een  d e s c r ib e d  a s  e s s e n t i a l  
f o r  th e  a c t i v a t i o n  o f  b o th  T and B c e l l s  re sp o n d in g  to  m ost a n t ig e n s  
in  v iv o  a s  w e ll  as  i n  v i t r o  (U nanue, 1972; P ie r c e  and  K app, 1 9 7 6 ).
The m acrophage h a s  b een  i n v e s t i g a t e d  p r im a r i ly  in  th e  m urine  sy stem , 
and p o s s e s s e s  th e  c a p a c i ty  to  a d h e re  to  g la s s  o r  p l a s t i c  s u r f a c e s ,  
w hereas B and T c e l l s  a r e  f o r  th e  m ost p a r t  n o n a d h e re n t (M o sie r ,
1967; P ie r c e  and Kapp, 1976; F o lch  and Waksman, 1 9 7 3 ). T h is  te c h n iq u e  
h as  b een  recommended a s  th e  m ethod o f  c h o ic e  f o r  th e  s e p a r a t io n  o f  
m acrophages, s in c e  th e s e  c e l l s  rem ain  v i a b l e  and can  b e  added  back  
to  c u l tu r e s  w h ich  p e rm its  a n a ly s i s  o f  t h e i r  f u n c t io n  ( P ie r c e  and 
Kapp, 1976) i n  th e  Immune r e s p o n s e .
The d a ta  p r e s e n te d  i n  t h i s  c h a p te r  w ere o b ta in e d  from  e x p e rim e n ts  
d e s ig n e d  to  d e te rm in e  th e  r o l e  th e  a d h e re n t  c e l l s  p la y  in  th e  p rim ary  
immune re sp o n se  o f  c u l tu r e d  r a b b i t  s p le e n  c e l l s .  D e p le t io n  o f  a d h e re n t 
c e l l s  v ia  ad h e re n c e  to  p l a s t i c  d id  n o t  d im in is h  th e  i n  v i t r o  re sp o n se  
to  SRBC b u t i n  f a c t  enhanced  i t .  P r e t r e a tm e n t  o f  u n s e p a ra te d  s p le e n  
c e l l s  w ith  ATGG a l s o  r e s u l t e d  i n  enhanced  r e s p o n s e .  T hese r e s u l t s  
s u g g e s t  t h a t  two d i s t i n c t  a d h e re n t  c e l l  s u b p o p u la t io n s  e x i s t  w ith  
r e g u la to r y  a c t i v i t y .  These r e s u l t s  may e x p la in  th e  f a r  lo w er re sp o n s e s  
o f  r a b b i t  s p le e n  c e l l  c u l tu r e s  to  a n t ig e n  th a n  th a t  o b se rv e d  in  th e  
m ouse, and why much lo w er PFC re s p o n s e s  a r e  o b se rv e d  when th e  number 
o f  s p le e n  c e l l s  c u l tu r e d  in c r e a s e s  above th e  optimum (se e  A p p en d ix ).
MATERIALS AND METHODS 
The u se  o f r a b b i t s , SRBC and  DNP-OVA p r e p a r a t io n  and im m u n iz a tio n , 
t i s s u e  c u l t u r e ,  and p r e p a r a t io n  o f  a n tith y m o c y te  gamma g lo b u l in  
(ATGG) a r e  th e  same a s  th o s e  r e p o r te d  i n  C h a p te r  2 and 3 . S p lee n  
c e l l  s e p a r a t io n  in t o  n o n a d h e re n t and a d h e re n t  f r a c t i o n s  fo l lo w in g  
in c u b a t io n  on p l a s t i c  p e t r l  d i s h  s u r f a c e s  was p e rfo rm e d  e s s e n t i a l l y  
a s  r e p o r te d  i n  C h a p te r  3 . B r i e f l y ,  1 to  5 X 10? s p le e n  c e l l s  w ere  
m ixed w ith  3 .0  ml MEM-10% FCS i n  a  60 X 15 mm p l a s t i c  p e t r i  d is h  
f o r  2 h o u rs  a t  35 to  38°C i n  10% CO2 , and c e l l  f r a c t i o n s  w ere 
c a r e f u l l y  s e p a r a te d  by r i n s i n g  th e  n o n a d h e re n t c e l l s  from  th e  s u r f a c e  
o f  th e  p l a t e .  The a d h e re n t c e l l s  w ere removed by g e n t ly  s c r a p in g  th e  
c e l l s  f r e e  o f  th e  p l a s t i c  s u r f a c e  w ith  a  s t e r i l e  ru b b e r  p o lic e m a n .
The c e l l  f r a c t i o n  was w ashed , co u n ted  and c e l l  v i a b i l i t y  d e te rm in a t io n s  
w ere  done by try p a n  b lu e  e x c lu s io n .
T hese  c e l l  f r a c t i o n s  o r  w hole s p le e n  c e l l  su s p e n s io n s  w ere 
c u l tu r e d  a s  fo l lo w s .  U n se p a ra te d  s p le e n  c e l l s  o r  th e  n o n a d h e re n t 
f r a c t i o n s  w ere  c u l tu r e d  by  p la c in g  5 X 10^ n u c le a te d  c e l l s  to g e th e r  
w ith  5 X 10^ SRBC o r  0 .5  yg DNP-OVA in  th e  in n e r  w e l l  o f  a  M arbrook 
v e s s e l  and th e y  w ere in c u b a te d  f o r  5 days a t  35 to  38°C i n  10%
CO2 . V ary ing  c o n c e n tr a t io n s  o f  th e  a d h e re n t  f r a c t i o n  w ere  added
g
to  s e l e c t e d  c u l tu r e s  c o n ta in in g  5 X 10 n o n a d h e re n t c e l l s  t o  d e te rm in e  
t h e i r  e f f e c t  on th e  a n t i  SRBC PFC re s p o n s e .  P la q u e  fo rm in g  c e l l  
(PFC) a s s a y  f o r  th e  anti-SRBC PFC re sp o n se  was done in  th e  m ic ro s c o p ic  
cham ber m ono layer as  p r e v io u s ly  d e s c r ib e d  on th e  f i f t h  day o f  c u l t u r e .
103
104
S p le e n  c e l l s  o r  c e l l  f r a c t i o n s  w ere t r e a t e d  w ith  a n tith y m o c y te  
serum  (ATS) and com plement e s s e n t i a l l y  a s  d e s c r ib e d  i n  C h a p te r  3 , 
and  c e l l  v i a b i l i t y  d e te rm in a t io n s  w ere made a f t e r  each  t r e a tm e n t .
However, i n  some e x p e rim e n ts  th e  ATGG u sed  was a l s o  a b so rb e d  w ith  
r a b b i t  l i v e r  c e l l s .  A pprox im ate ly  3 .0  ml o f  ATGG (5 yg p r o te in /m l)  
w hich  had  p r e v io u s ly  been  a b so rb e d  w ith  r a b b i t  e r y th r o c y te s  was in c u b a te d  
w ith  two changes o f  0 .3  ml packed  r a b b i t  l i v e r  c e l l s  a t  35 to  38°C f o r  
30 m in u te s  e a c h . T h is  p r e p a r a t io n  was d e s ig n a te d  ATGGt .
RESULTS
S e p a ra t io n  o f  s p le e n  c e l l s  by  ad h e re n c e  to  p l a s t i c  was v a r i a b le  
b o th  i n  te rm s o f  c e l l  y i e l d  and c e l l  ty p e s  re c o v e re d . T ab le  1 
shows th e  c e l l  y i e l d s  o b ta in e d  from  a  num ber o f  e x p e r im e n ts  w here 
s p le e n  c e l l s  w ere s e p a r a te d .  The p e r c e n t  y i e l d  f o r  a d h e re n t c e l l s  
(AD) ra n g e d  from  3 .2  to  18% o f  t o t a l  (mean o f  7.7%) w h ereas  th e  y i e l d  
f o r  n o n a d h e re n t (NA) c e l l s  ran g ed  from  48 to  78% (mean 63 .6% ).
T ab le  2 shows th e  c e l l  v i a b i l i t y  f o r  b o th  NA and AD c e l l s  b e fo re  
and a f t e r  t r e a tm e n t  w ith  ATGG and com plem ent. C y to to x ic i ty  t e s t s  
a f t e r  ATGG tr e a tm e n t  showed n o n a d h e re n t c e l l s  to  b e  22 to  51% thymus 
d e r iv e d ,  w hereas a d h e re n t  c e l l s  showed 23 to  60% T - c e l l s .
R e s u l t s  from  th e  p re v io u s  c h a p te r  s u g g e s te d  th e  c e l l  s e p a r a t io n  
te c h n iq u e  d id  n o t  c o m p le te ly  remove from  th e  n o n a d h e re n t c e l l  popu­
l a t i o n ,  th e  c e l l s  w h ich  SSF a c te d  upon . I t  h as  b e e n  shown by o th e r s  
t h a t  th e  p l a s t i c  a d h e re n t m acrophage i s  e s s e n t i a l  to  th e  i n  v i t r o  
immune re sp o n se  i n  th e  mouse (M o sie r , 1967) and i s  th e  s i t e  o f  a c t io n  
f o r  SIRS (Tadakuma and  P i e r c e ,  1 9 7 6 ). The r e s u l t s  p r e s e n te d  
below  w ere  d e s ig n e d  to  exam ine th e  in f lu e n c e  p l a s t i c  a d h e re n t s p le e n  
c e l l s  have on th e  p rim ary  re sp o n se  to  SRBC in  v i t r o  and w hat r e g u la to r y  
r o l e  i t  m igh t h a v e .
The PFC re sp o n se  on day 5 , t h a t  r e s u l t e d  when a d h e re n t  c e l l s  w ere  
rem oved, was from  1 .2 5  to  2 5 .5  f o ld  g r e a t e r  th a n  th e  re sp o n se  o f  i n t a c t  
s p le e n  c e l l s  to  th e  same a n t ig e n .  When th e  ex tre m e s  a r e  ex c lu d e d  from  
th e  d a ta  th e  av e ra g e  in c r e a s e  i n  re sp o n se  when n o n a d h e re n t c e l l s  a r e
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T ab le  1
C e ll  Y ie ld s  In  F r a c t io n s  F o llo w in g  S e p a ra t io n  
o f  S p lee n  C e l l s  on P l a s t i c  T is s u e  C u ltu re  P l a t e s
C e l ls  C e l ls  R ecovered  x 10^
say No. C u ltu re d ADa NAb
x 1 0  7
37 27 1 . 4 ( 5 .0 ) c 1 8 .2 (6 7 )
B 77 2 .5 ( 3 .2 ) 4 0 .0 (5 2 )
8 1 0 0 . 6 ( 6 .5 ) 6 .4 (6 4 )
9 24 0 .9 ( 3 .9 ) 1 1 .6 (4 8 )
1 1 39 2 .0 ( 5 .2 ) 2 1 .3 (5 5 )
15 39 1 .3 ( 3 .3 ) 3 2 .5 (8 3 )
2 2 36 1 .2 ( 3 .3 ) 2 8 .0 (7 8 )
40 44 8 .0 (1 8 .0 ) 2 6 .0 (5 9 )
42 30 5 .0 (1 6 .0 ) 2 0 . 0 ( 6 6 )
44 27 3 .5 (1 3 .0 ) 1 7 .0 (6 4 )
46 16 1 . 1 ( 6 .9 ) 9 .8 (6 2 )
aA d h eren t c e l l s  (AD) re m a in in g  f ix e d  t o  p l a s t i c  fo l lo w in g  rem oval 
o f  n o n a d h e re n t (NA) c e l l s  a f t e r  a  2 h r .  in c u b a t io n  
^N on ad h eren t c e l l s
cP e rc e n t  o f  th e  t o t a l  number o f  c e l l s  c u l tu r e d
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Table 2
C e l l  V i a b i l i t y  o f  S p le e n , A d h e re n t, o r  N onadheren t C e l l  
F r a c t io n s  B e fo re  and A f te r  T re a tm e n t W ith ATGG P lu s  Complement
P e rc e n t  V iable®
S p le e n N onad h eren t 
_b + c
A dheren t 
_b + c
95 67 92 41 83 53
90 73 87 65 73 33
90 6 8 91 60 69 32
92 69 89 55 87 27
91 70 77 54
84 52 93 52
82 62 83 36
75 49
8 6 60
Mean 8 7 .2 6 3 .3 89 .7 5 5 .2 80 .7 41
% T c e l l s 23% 34 .5% 39 .7%
a C e l l  v i a b i l i t y  d e te rm in e d  u s in g  try p a n  b lu e  e x c lu s io n .  200 c e l l s  
co u n ted  f o r  each  d e te r m in a t io n .
C e l l  p o p u la t io n  v i a b i l i t y  p r i o r  to  ATGG t r e a tm e n t ,  
c C e l l  p o p u la t io n  v i a b i l i t y  a f t e r  t r e a tm e n t  w ith  ATGG p lu s  com plement 
a s  d e s c r ib e d  in  M a te r ia ls  and M ethods.
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c h a lle n g e d  w ith  a n t ig e n  I s  2 . 6  tim es  g r e a t e r  th a n  th e  re sp o n se  o f
u n s e p a ra te d  s p le e n  c e l l s .  The r e s u l t s  p r e s e n te d  I n  T ab le  3 show th a t
th e  a d d i t io n  o f  a s  few a s  10^ a d h e re n t  c e l l s ,  to  th e  NA c e l l s ,  low ered
th e  day 5 PFC re s p o n s e . Xn f o u r  o f  sev en  e x p e r im e n ts ,  th e  a d d i t io n  o f
10^ a d h e re n t  c e l l s  b ro u g h t th e  PFC re sp o n se  e q u a l to  o r  below  th a t  o f
£
u n s e p a ra te d  s p le e n  c e l l s ,  w h ile  th e  a d d i t io n  o f  1 0  a d h e re n t  c e l l s  I n  
6  o f  7 e x p e r im e n ts  s u p p re s s e d  th e  re s p o n s e  to  an  a v e ra g e  o f  48% th a t  
o f  th e  re s p o n se  o f  no rm al u n s e p a ra te d  s p le e n  c e l l s .
A d h eren t c e l l s  w ere t r e a t e d  w ith  v a r io u s  a n t ith y m o c y te  s e r a  (ATS) 
p r e p a r a t io n s  to  d e te rm in e  w h e th e r  c e r t a i n  c e l l s  I n  th e  T - c e l l  p o p u la t io n  
w ere r e s p o n s ib le  f o r  e x e r t in g  th e  s u p p re s s iv e  a c t i o n  on th e  n o n a d h e re n t 
r e s p o n s e . T hree  d i f f e r e n t  p r e p a r a t io n s  o f  ATS w ere  u se d : w hole GARTS,
ATGG ( re d  c e l l  a b so rb e d ) and ATGG  ̂ ( r e d  c e l l  and l i v e r  a b s o rb e d ) .
The t r e a tm e n t  o f  a d h e re n t  c e l l s  w ith  e i t h e r  GARTS o r  ATGG and 
com plement: p a r t i a l l y  rem oved th e  s u p p r e s s iv e  a c t i v i t y  th e  c e l l s  
e x e r te d  on th e  day 5 PFC re s p o n s e  when th e y  w ere added  to  th e  non­
a d h e re n t  c e l l s  (T ab le  5 ) .  In  m ost c a s e s  th e  l e v e l  o f  s u p p re s s io n  
e x e r te d  by ATGG t r e a t e d  a d h e re n t  c e l l s  r e s u l t e d  i n  PFC re s p o n s e s  
s i m i l a r  to  t h a t  s e e n  in  u n s e p a ra te d  s p le e n  c e l l  r e s p o n s e s ,  w hereas 
u n s e p a ra te d  s p le e n  c e l l s  t r e a t e d  w ith  ATGG o r  GARTS showed enhanced  
PFC r e s p o n s e s .
GARTS and ATGGR p r e p a r a t io n s  p o s s e s s  a n t ib o d y  a c t i v i t y  w hich  
seems to  b e  d i r e c te d  a g a in s t  th e  c e l l s  i n  th e  a d h e re n t  f r a c t i o n  c a p a b le  
o f  e x e r t in g  s u p p re s s iv e  a c t i v i t y .  The re d  c e l l  o f  th e  r a b b i t  does n o t  
p o s s e s s  a p p r e c ia b le  h l s to c o m p a ta b i l i ty  a n t ig e n ,  w h ile  r a b b i t  l i v e r  
c e l l s  and lym phocy tes do (M edawar, 1 9 4 6 ) . T hus, a n t ib o d ie s  in  CARTS
TABLE 3
THE IN VITRO PFC RESPONSE OP WHOLE AND NON-ADHERENT 
(NA) SPLEEN CELLS TO SRBC — AND OF NA CELLS WITH 
WITH VARYING CONCENTRATIONS OF ADHERENT CELLS ADDED
DAY 5 ANTI -S R B C  PFC /  CULTURE*
5 X I06  
WHOLE
5 XI06 b 
NA
NO. AD CELLS ADDED TO NA CELLS0
RABBIT
NO. I0 4 5 X I04  10* 5XI09 I0 6
9 5 7 5 C 14,657 7 ,700 2,087 482(74)*
II 1,160 1,460 7 0 5 610 240(21)
15 5,625 10,563 5,338 12,025 3/150(61)
IT 2,336 6,325 5,550 9,250 5,375
19 699 1,008 928 609 450 528 328(47)
40 776 3,212 2,500 1,054 280(36)
42 875 2,612 1,738 718 439(50)
o ,b ,c ,d  g
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TABLE 4
THE EFFECT OF WHOLE OR FRACTIONATED GOAT ANTI-RABBIT 
THYMOCYTE SERUM(GARTS) TREATMENT OF SPLEEN CELLS 
ON THE PRIMARY AND SECONDARY IN VITRO PFC RESPONSE 
TO SRBC
DAY 5 ANTI-SRBC PFC /  CULTURE
SPLEEN CELL PRETREATMENT
WHOLE GARTS FRACTIONATED 
RABBIT -------------------------------------- -----------------------
NO NORMAL 1 : 2 1: 3 2 1 : 2
PRIMARY 13 1,130 26 (2.3) 5,520(488) 2,695(238)
14 2,280 37 0 .6 ) 6,687(293) 2,987031)
9 575 30(5.2) 1,000(174) 829041)
SECONDARY 1 26,125 23,625 (90) 23,500 (90) nd
59 47,375 nd 56,750020) 56,750020)
23 35,750 45,500 027) nd 38,375007)
37 49,500 42,500(86) nd nd
Set Previous Tables for Legends
Ill
and ATGG may b e  d i r e c t e d  a g a in s t  a n t ig e n / s  found  on c e l l s  o th e r  
th a n  th e  T - c e l l ,  and may In f lu e n c e  more th a n  one p o p u la t io n  o f  c e l l s  
I n  th e  a d h e re n t  c e l l  f r a c t i o n  and I n  th e  u n s e p a ra te d  s p le e n  c e l l  
p o p u la t io n s .
T h e re fo re ,  2 m l o f  ATGG was ab so rb e d  two tim e s  w ith  0 .3  volum es 
o f  p acked  l i v e r  c e l l s .  The r e s u l t s  (T ab le  5) show t h a t  ATGG  ̂
no lo n g e r  p o s s e s s e s  th e  a b i l i t y  t o  re d u c e  th e  s u p p re s s iv e  a c t i v i t y  
In  th e  a d h e re n t  f r a c t i o n .  I t  r e t a in e d ,  how ever, I t s  c y to to x ic  a c t io n  
a g a in s t  thym o cy tes  ( C .I .^ q  o f  1 / 8 ) and th e  p r e p a r a t io n  p o s s e s s e s  
a n tib o d y  a c t i v i t y  s p e c i f i c  f o r  r a b b i t  T - c e l l s ,  how ever th e  l e v e l  o f  
c e l l s  i n  th e  AD f r a c t i o n  s e n s i t i v e  to  ATGG^ was o n ly  20%.
The e f f e c t  t r e a tm e n t  o f  s p le e n  c e l l s  w i th  e i t h e r  GARTS o r  ATGG 
and com plem ent b e f o r e  c u l tu r e  h ad  on t h e i r  c a p a c i ty  to  re sp o n d  to  
a n t ig e n  i s  p r e s e n te d  i n  T ab le  4 and F ig u re  1 . When c e l l s  w ere  t r e a t e d  
w ith  a  1 :2  d i l u t i o n  o f  GARTS, th e  re sp o n se  to  DNP-OVA (F ig u re  4) 
and th e  p rim ary  re sp o n se  to  SRBC (F ig u re  5) was red u ce d  to  5% o r  l e s s  
th a n  th e  no rm al re sp o n se  to  SRBC and 13 to  33% o f  no rm al DNP re s p o n s e . 
However s p le e n  c e l l s  h a r v e s te d  from  a n im a ls  p rim ed  5 to  8  days 
p r e v io u s ly ,  showed PFC re sp o n se s  t h a t  w ere com parab le  to  c o n t r o l  
r e sp o n s e s  (T a b le  5 ) .  S p le n ic  PFC re s p o n s e s  from  SRBC prim ed  
r a b b i t s  w ere  no g r e a t e r  th a n  n o rm a l, when t r e a t e d  w ith  ATGG.
I f  ATGG o r  h ig h e r  d i l u t i o n s  o f  GARTS (1 :3 2  o r  1 :6 4 ) w ere  u se d , 
a  s u p p re s se d  PFC re sp o n se  was n o t  s e e n ,  b u t  r a t h e r  th e  re sp o n s e  to  
a n t ig e n  was in c r e a s e d  o v e r  "n o rm al"  r e s p o n s e s .  The in c r e a s e d  
re s p o n s iv e n e s s  was n o t  c o n s i s t e n t ly  s e e n  when u n d i lu te  ATGG was u se d , 
o r  when th e  s p le e n  c e l l s  w ere h a r v e s te d  from  SRBC prim ed  a n im a ls .
Figure 1 E f f e c t  o f  g o a t  a n t i - r a b b i t  thym ocy te  serum  (GARTS) 
and  IgG p r e t r e a tm e n ts  on th e  i n  v i t r o  an ti-D N P PFC 
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THE EFFECT OF GARTS OR ATGG ON THE SUPPRESSIVE ACTIVITY OF THE ADHERENT(AD) 
CELLS ON THE NON-ADHERENT(NA) SPLEEN CELL IN VITRO PFC RESPONSE TO SRBC




NUMBER OF TREATED AD CELLS ADDED TO NA
RABBIT
NO.
5 X IC  ̂
WHOLE
5 X I06 









15 5,625 10,563 — 5,338 12,025 3,450
GARTS (1:2) 5,150 6 ,0 3 8 6,363
19 699 1,008 — 928 6 0 9 450 537 328






















A7G6 (13) 1,575 633 140 114
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When s p le e n  c e l l s  w ere  t r e a t e d  w ith  a  1 :2  d i l u t i o n  o f  ATGG, th e y  p rod u ced  
a lm o s t tw o - fo ld  g r e a t e r  (195%) PFC re s p o n s e s  to  a n t ig e n  th a n  n o rm a l.
DISCUSSION
The r e s u l t s  p r e s e n te d  in  t h i s  c h a p te r  s u g g e s t  a  r e g u la to r y  
r o l e  f o r  p l a s t i c  a d h e re n t  c e l l s  in  th e  norm al p rim ary  in  v i t r o  
re sp o n s e  o f  r a b b i t  s p le e n  c e l l s  to  SRBC a n t ig e n .  D ata  o b ta in e d  in  
p r e l im in a ry  e x p e r im e n ts  showed t h a t  a  narrow  ran g e  o f  s p le e n  c e l l  
c o n c e n tr a t io n  was o p tim a l f o r  th e  i n  v i t r o  hum oral re s p o n s e  ( s e e  
A p p en d ix ). C e l l  c o n c e n t r a t io n s  above th e  optimum o f  5 X 10^ 
n u c le a te d  c e l l s  p e r  c u l t u r e  showed much lo w er PFC re s p o n s e  to  SRBC 
w h ile  c e l l  v i a b i l i t y  be tw een  c u l tu r e s  rem ained  co m p arab le .
Second, when a  co m parison  was made be tw een  th e  l e v e l  o f  PFC 
re sp o n se s  to  SRBC by r a b b i t  s p le e n s  (Redelm an e t  a l . ,  1975 ; A ppendix) 
to  th o s e  o f  mouse c e l l s  (M ish e ll  and D u tto n , 1967; Kamo e t  a l . ,  1 9 7 6 ), 
r a b b i t  c e l l s  show a  lo w er c a p a c i ty  to  re sp o n d  i n  v i t r o  to  a n t ig e n .  
E x p e rim e n ta l r e s u l t s  r e p o r te d  i n  C h a p te r  3 showed t h a t  AD c e l l s  from 
norm al o r  a n t ig e n  p rim ed  s p le e n  w hich  w ere in c u b a te d  w ith  SSF w ould 
s u p p re s s  b o th  re s p o n s e s  i n  v i t r o . C o n tro l  g roups i n  th e s e  
e x p e rim e n ts  showed t h a t  c u l tu r e s  o f p rim ed  NA c e l l s  a lo n e  re sp o n d ed  
e q u a l ly  to  th o s e  o f  p rim ed  s p le e n  c u l tu r e s  b u t  unprim ed NA c e l l s  
c o n s i s t e n t l y  re sp o n d ed  b e t t e r  th a n  s p le e n  c e l l  c o n t r o l s .
R e s u l t s  o f  th e  p r e s e n t  e x p e rim e n ts  i n d i c a t e  t h a t  c e l l  re c o v e ry  
a f t e r  s e p a r a t io n  on p l a s t i c  a v e ra g e d  71% o f  th e  t o t a l ,  w here 63.5% 
w ere re c o v e re d  a s  NA c e l l s  and  7.6% as AD c e l l  f r a c t i o n s .  Both f r a c t i o n s  
p o s s e s s e d  p o p u la t io n s  o f  thymus d e r iv e d  c e l l s  s e n s i t i v e  to  ATGG 
(34% NA and 40% AD). However, o n ly  c u l tu r e s  o f  NA c e l l s  w ere  a b le  to
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p ro d u ce  PFC s p e c i f i c  f o r  SRBC and i n  a l l  e x p e r im e n ts  r e p o r te d  d id  so  
a t  a  l e v e l  c o n s i s t e n t ly  h ig h e r  th a n  c o n t r o l  s p le e n  c e l l  c u l t u r e s .
I f  th e  i n  v i t r o  PFC re sp o n se  f o r  r a b b i t  s p le e n  c e l l s  i s  s i m i l a r  to  
th e  mouse sy s te m  i n  i t s  re q u ire m e n t f o r  th e  m acrophage (M o sie r ,
1967; D u tto n  and J a c o b s , 1973; P ie r c e  e t  a l . ,  1 9 7 4 ), a s  was s u g g e s te d  
by T h e is  and  T horbecke (1970) th e n  r a b b i t  m acrophages may h av e  d i f f e r e n t  
s u r f a c e  membrane p r o p e r t i e s  th a n  th e  mouse o r  r e q u i r e  d i f f e r e n t  
c o n d i t io n s  f o r  o p tim a l a d h e re n c e , w hich  le a v e  a  num ber o f  f u n c t i o n a l ,  
b u t  n o n a d h e re n t m acrophage c e l l s  i n  o u r  NA c u l t u r e s .  S u p p o rt f o r  
t h i s  p o s s i b i l i t y  comes from  o b s e rv a t io n s  o f  r a b b i t  s u p p re s s o r  T - c e l l s  
w hich  w ere a d h e re n t to  p l a s t i c ,  a  f a c t  a l s o  o b se rv e d  in  th e  r a t  
p o p u la t io n  (F o lc h  and Vaksman, 1974b) w hich s u g g e s ts  t h a t  th e r e  i s  a 
d i f f e r e n c e  i n  th e  membrane p r o p e r t i e s  o f  lym phocy tes i n  b o th  th e s e  
two s p e c ie s .  S u p p o rt f o r  th e  im m uno log ica l re s p o n s iv e n e s s  o f  NA 
c e l l s  i n  v i t r o  come from  o th e r  s t u d i e s ,  in c lu d in g  th o se  o f  F arkhouse  
and D u tto n  (1966) and C u rle y  e t  a l .  (1974) in  th e  r a b b i t ,  and G i l l e t e  
(1977) i n  th e  m ouse, w hich  showed in c r e a s e d  DNA s y n th e s i s  o f  th e  
re m a in in g  s p le e n  c e l l s  re sp o n d in g  to  a n t ig e n  o r  T - c e l l  m ito g en , 
r e s p e c t i v e l y ,  when a d h e re n t  c e l l s  w ere  k i l l e d  o r  rem oved.
O th e r s u p p o r t  f o r  r a b b i t  m acrophage h e te r o g e n e i ty  i s  found  i n  
th e  r e p o r t  o f  Tew and  S ta v l t s k y  (1974) who d e m o n s tra te d  s l i g h t l y  in c r e a s e d  
sp o n ta n e o u s  a n tib o d y  p ro d u c tio n  by a n t ig e n  p rim ed  r a b b i t  lymph node 
c e l l s  when p l a s t i c  a d h e re n t c e l l s  w ere  rem oved, w h ile  rem oval o f  c e l l s  
b a se d  on p h a g o c y to s is  u s in g  a  c a rb o n y l iro n /m a g n e t te c h n iq u e  g r e a t ly  
d im in ish e d  th e  re s p o n s e . W alker (1974) s tu d ie d  p h y s ic a l  and s u r f a c e  
r e c e p to r s  on r a b b i t  p e r i t o n e a l  m acrophage and o b ta in e d  a  low d e n s i ty
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m acrophage w ith  r e c e p to r s  f o r  a n t ig e n  and a  h ig h  d e n s i ty  c e l l  w ith  
w hat-w ere  p ro b a b ly  Fc r e c e p to r s .
The a d d i t io n  o f  AD c e l l s  to  NA c u l tu r e s  in  in c r e a s in g  num bers
r e s u l t e d  i n  a  c o n s i s t e n t l y  lo w er PFC re s p o n s e . E x c e p tio n s  to  t h i s
5
o c c u r re d  i n  th r e e  e x p e rim e n ts  when NA c u l tu r e s  w ith  5 X 10 AD 
c e l l s  added , re sp o n d ed  h ig h e r  th a n  c u l tu r e s  w ith  e i t h e r  1 0 ^ o r  1 0 ^
AD c e l l s .  T hese e x p e rim e n ts  showed e x tre m e ly  e l e v a te d  PFC re s p o n s e  
in  c o n t r o l  AD d e p le te d  NA c u l tu r e s  and th e  p o s s i b i l i t y  e x i s t s ,  how ever 
u n l ik e ly ,  t h a t  a d h e re n t  c e l l s  w ith  h e l p e r  f u n c t io n  c o u ld  s u rp a s s  
s u p p re s s o r  AD c e l l s  o n ly  a t  t h i s  c e l l  c o n c e n tra t io n : .  S u p p o rt f o r  
th e  e x i s t e n c e  o f  h e lp e r  and s u p p r e s s o r  non T a d h e re n t  s u b p o p u la t io n s  
comes from  G i l l e t e  (1977) who h y p o th e s iz e d  th e  e x i s t e n c e  f o r  b o th  s u b -  
p o p u la t io n s  i n  th e  mouse s p le e n ,  s in c e  s p le n i c  AD c e l l s  s u p p re s se d  
s p le n i c  NA c e l l s ,  b u t  enhanced  lymph node NA c e l l s  u s in g  T - c e l l  m itogen  
s t im u la te d  r e s p o n s e s .  A p art from  th e  two c e l l  c o n c e p t i t  i s  d i f f i c u l t  
to  e x p la in  th e  r e s u l t s  o f  o u r s tu d y  w ith o u t  more e x p e r im e n ta l  d a t a .
The AD c e l l s  w hich  s u p p re s se d  NA c e l l  re s p o n s e s  w ere  n o t  c o m p le te ly  
s e n s i t i v e  to  g o a t a n t i - r a b b i t  thym ocy te  serum  (GARTS) o r  ATGG 
tr e a tm e n t .  However, some d e g re e  o f  th e  s u p p re s s iv e  c a p a c i ty  rem ained  
fo llo w in g  ex p o su re  to  a n t ith y m o c y te  a n t ib o d ie s  and th e  PFC re s p o n se s  
d id  r e tu r n  to  th e  l e v e l  o f  t h a t  se e n  i n  no rm al s p le e n  c e l l  c u l t u r e s .
I f  th e  ATGG was a b so rb e d  w ith  l i v e r  c e l l s  p r i o r  to  u s e ,  t h e r e  was no 
a l l e v i a t i o n  o f  s u p p re s s io n  e x e r t e d  by t r e a t e d  AD c e l l s .  T h is  s u g g e s ts  
th a t  th e  ATGG p r e p a r a t io n  c o n ta in s  a n t ib o d ie s  a c t i v e  a g a i n s t  th e  AD 
s u p p re s s o r  c e l l  w hich  a p p e a rs  to  s h a re  a n t ig e n  s p e c i f i c i t y  w ith  a n t ig e n s  
on l i v e r  c e l l s .  T hese r e s u l t s  i n d i c a t e  t h a t  a n t ib o d ie s  n o t  s p e c i f i c
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f o r  T - c e l l s  may e x i s t  in  ATGG and may have s p e c i f i c i t y  f o r  o th e r  
c e l l  membrane a n t ig e n s ,  p o s s ib ly  h i s to c o m p a ta b i l i ty  a n t ig e n s .
T h is  i s  q u i t e  p o s s ib le  s in c e  Medawar (1946) r e p o r te d  t h a t  r a b b i t ,  
r e d  c e l l s  la c k e d  h i s to c o m p a ta b i l i ty  a n t ig e n s  w h ile  ly m p h o cy tes , 
k id n ey  and l i v e r  c e l l s  d id  p o s s e s s  them . The non T a n t ig e n  co u ld  
a l s o  e x i s t  on th e  r a b b i t  m acrophage, some o f  w hich  w ould  be  k i l l e d  
o r  i n a c t i v a t e d  fo l lo w in g  ATGG p lu s  com plement t r e a tm e n t  b u t  n o t  when 
t r e a t e d  w ith  ATGG^. The p a r t i a l  e f f e c t  o f  ATGG on AD m e d ia te d  
s u p p re s s io n  m igh t b e  due to  a  l im i t e d  number o f  a n t i  AD a n t ib o d ie s  
o r  th e  e x is te n c e  o f  an a d d i t i o n a l  su b p o p u la t io n  o f  s u p p re s s o r  AD 
n o t  e x p re s s in g  t h i s  a n t ig e n .  I t  m ust a l s o  be c o n s id e re d  th a t  th e  
h i s to c o m p a ta b i l i ty  a n t ig e n s  on th e  thym ocytes u sed  to  immunize th e  
g o a t s h a re d  some, b u t  n o t  a l l  o f  th e  a n t ig e n s  p r e s e n t  on th e  ATGG 
t r e a t e d  AD c e l l s .  Thus th e  a n t ig e n s  i n  common, found  on th e  l i v e r  
c e l l s  u sed  to  ab so rb  th e  serum , w ould re d u c e , b u t  n o t  c o m p le te ly , 
th e  im m un o lo g ica l a c t i v i t y  o f  ATGG fo llo w in g  a b s o r p t io n .  E v idence  
f o r  a  com plex sy stem  o f  r a b b i t  h i s to c o m p a ta b i l i ty  a n t ig e n s  and  t h e i r  
a s s o c ia t io n  w ith  r a b b i t  lym phoid  a n t ig e n  (KLA) h as  b een  r e p o r te d  
( T i s s o t  and Cohen, 1972; I v a n y i ,  19 7 7 ).
In  o th e r  e x p e rim e n ts  r e p o r te d  h e re  s p le e n  c e l l  t r e a tm e n t  w ith  h ig h  
d i l u t i o n s  o f  GARTS and 1 :2  d i l u t i o n s  o f  ATGG a p p ea red  to  i n a c t i v a t e  
s u p p re s s iv e  c e l l s  o r  p o t e n t i a t e  T h e lp e r  c e l l s  r e s u l t i n g  in  enhanced  
PFC re s p o n s e s .  The f in d in g s  a r e  s i m i l a r  i n  some r e s p e c t s  to  AD c e l l  
d e p le t io n  s in c e  en h an ced  PFC re sp o n se s  fo llo w in g  ATGG tre a tm e n t  a l s o  
f a i l e d  to  o c c u r when SRBC p rim ed  s p le e n  c e l l s  w ere u s e d .  Normal 
p rim ary  re sp o n se s  to  SRBC and re s p o n se s  to  DNP-OVA prim ed  s p le e n
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c e l l s  w ere  In c r e a s e d .  The c h a r a c t e r i z a t i o n  o f  th e  anti-D N P re sp o n se  
a s  a  se c o n d a ry  re sp o n se  i n  v i t r o  and th e r e f o r e  an a lo g o u s  to  SRBC prim ed  
s p le e n  c e l l s  r e s t s  s o l e l y  on th e  f a c t  t h a t  i n  b o th  in s ta n c e s  s p le e n  
c e l l s  had b een  p u rp o se ly  ex p o sed  to  a n t ig e n  in  v iv o . S ig n i f i c a n t  
d i f f e r e n c e s  rem ain  betw een  th e  two prim ed  c e l l  p o p u la t io n s  ( s e e  
A p p en d ix ). F i r s t ,  unprim ed s p le e n  c e l l s  f a i l  to  p ro d u ce  anti-D N P 
PFC re s p o n s e s  i n  v i t r o  b u t  can  re sp o n d  to  SRBC. Second, DNP-OVA 
i n  v iv o  prim ed  s p le e n  c e l l s  do n o t  e x h i b i t  d e t e c ta b le  h a p t e n - s p e c i f i c  
PFC re s p o n s e  when rem oved from  th e  r a b b i t ,  so  th e r e  i s  no  ongo ing  
re sp o n s e  su ch  a s  i s  se e n  i n  SRBC p rim ed  s p le e n  c e l l s .  T h ird ,  th e  
d ose  o f  DNP-OVA u sed  to  p rim e  r a b b i t s  was su p o p tim a l i n  v iv o  (C h in ,
1978) f o r  maximum a n tib o d y  p ro d u c t io n  ( s e e  A p p en d ix ).
E v id en ce  p r e s e n te d  h e r e ,  s u g g e s ts  th e  e x i s te n c e  o f  two s u p p re s s o r  
c e l l  s u b p o p u la t io n s  i n  th e  p l a s t i c  AD f r a c t i o n ,  one s e n s i t i v e  to  
ATGG and s i m i l a r  to  th e  Tg c e l l  r e s p o n s ib le  f o r  C o n can av a lin  A s t im u la te d  
SSF p r o d u c t io n ,  and th e  o th e r  a  non T a d h e re n t  c e l l  q u i t e  p o s s ib ly  
a  s p l e n i c  m acrophage w hich  s h a re s  some c h a r a c t e r i s i t i c s  w ith  th e  SSF 
t a r g e t  c e l l .  The m echanism (s) by w hich  th e s e  c e l l s  m e d ia te ,  to g e th e r  
o r  s e p a r a t e ly ,  t h e i r  s u p p re s s iv e  a c t i v i t y  i n  th e  i n  v i t r o  sy stem  i s  
p o s s ib ly  d i f f e r e n t  from  th e  SSF sy s te m , s in c e  o n ly  unprim ed  a n t i  SRBC 
in  v i t r o  re s p o n s e s  w ere  enhanced  by AD c e l l  d e p le t io n  o r  ATGG tre a tm e n t  
o f  s p le e n  c e l l s .
A num ber o f  r e p o r t s  have in d i c a te d  t h a t  m acrophages can  b e  
s u p p re s s iv e  v i a  e l a b o r a t io n  o f  s o lu b le  p ro d u c ts  r e s u l t i n g  from  
a n t ig e n  (Webb and N o w o w ie jsk i, 1977) o r  m ito g e n ic  s t im u la t io n  
(Goodwin e t  a l . ,  1 9 7 7 ). T hese f a c t o r s  a r e  s u p p re s s iv e  f o r  lym phocyte
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t r a n s fo rm a t io n  (Goodwin e t  a l . ,  1977 ; N e lso n , 1 9 7 3 ), c e l l  p r o l i f e r a t i o n  
(C a ld e ro n , W illiam s  and U nanue, 1 9 7 4 ) , c o n ta c t  s e n s i t i v i t y  (Zend>la 
and A sh e rao n , 1974) and  re s p o n s e  t o  a n t ig e n  (F arkhouse  and D u tto n ,
1966;. Webb and N ow ow ie jsk i, 1977 ; Tadakuma and P i e r c e ,  1 9 7 8 ). 
P r o s ta g la n d in s  (PG) h ave  b een  im p l ic a te d  a s  s u p p r e s s iv e  i n  a  number 
o f  immune fu n c t io n s  (Sam uelson e t  a l . ,  1 9 7 5 ) , a p p a re n t ly  a s  th e  r e s u l t  
o f  an i n c r e a s e  i n  c y c l i c  AMP (cAMP) l e v e l s  in  th e  lym phocy tes to  
w hich  th e  m acrophage m ig h t a t t a c h . '  Goodwin e t  a l .  (1977) h av e  r e c e n t ly  
shown t h a t  th e  m acrophage p o s s e s s e s  s i g n i f i c a n t  c a p a b i l i t i e s  f o r  PG 
s y n t h e s i s ,  w h ich  when th e y  a r e  p ro d u c e d , can  re d u c e  th e  a b i l i t y  o f  
T - c e l l s  to  re sp o n d  to  Con A and p h y to h e m a g g lu tin in  (PHA) . Webb and 
N ow ow iejski (1977) showed t h a t  th e  a d d i t io n  o f  PG e i t h e r  e a r ly  o r  
l a t e  to  mouse s p le e n  c e l l  c u l tu r e s  w ou ld  ca u se  s u p p re s s e d  a n t i  SRBC 
PFC l e v e l s .  A d d itio n  o f  PG i n h i b i t o r s  to  th e s e  s p le e n  c e l l s  r e s u l t e d  
i n  enhanced  PFC r e s p o n s e .  They c o n c lu d ed  t h a t  a  T s u p p re s s o r  c e l l  
r e g u la te s  th e  e l a b o r a t io n  o f  PG by th e  m acrophage (Webb e t  a l ,  1976) 
and th e n  e x e r t s  i t s  s u p p re s s iv e  e f f e c t  on th e  T h e lp e r  c e l l s .
Thus i n  o u r  sy s tem  th e  m acrophages p r e s e n t  i n  th e  AD f r a c t i o n
may have  an in c r e a s e d  a b i l i t y  to  p ro d u ce  PG w hich  in  th e  p re s e n c e
o f T c e l l s  i n  th e  NA f r a c t i o n  r e s u l t e d  i n  su p p re s se d  r e s p o n s e s ,  
h
A l te r n a t iv e ly  th e  m acrophages may b e  a c t iv a t e d  by i n t e r a c t i o n  w ith  
o th e r  c e l l s  i n  th e  AD f r a c t i o n ,  p o s s ib le  Tg c e l l s ,  w hich  may provoke 
PG s y n th e s i s  and  r e l e a s e  by AD m acro p h ag es .
A n o th e r p o s s ib le  m echanism  by w h ich  AD m acrophages c o u ld  s u p p re s s  
th e  NA immune re sp o n se  i s  by a b s o rb in g  o u t  s o lu b le  f a c t o r s  r e l e a s e d  by 
lym phocy tes e s s e n t i a l  f o r  c o o p e ra t io n  and a n tib o d y  fo rm a t io n .  T h is
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p o s s i b i l i t y  was s u g g e s te d  by  P ta k  and G ershon (1975) when th e y  o b se rv e d  
t h a t  th e  a d d i t io n  o f  h e a t  k i l l e d  " p u r i f i e d "  m acrophages i n h i b i t e d  
PFC re s p o n s e s  i n  v i t r o . The s u p p r e s s iv e  a c t i v i t y  o f  th e  dead  c e l l s  
w ere removed by h e a t  a t  70°C f o r  30 m in u te s  o r  by f i x a t i o n  in  
g lu te r a ld e h y d e ,  and th e y  s u g g e s te d  t h a t  th e  s u r f a c e  membranes o f  
m acrophages may p la y  a  p a s s iv e  b u t  i n h i b i t o r y  r o l e .
A t h i r d  p o s s ib le  m echanism  by w hich  s o lu b le  f a c t o r s  from  a d h e re n t  
c e l l s  may r e g u la te  immune re s p o n s e s  i s  by  c o n t r o l l i n g  th e  a v a i l a b i l i t y  
o f  e s s e n t i a l  m e ta b o l i te s  i n  th e  m ic ro e n v iro n m e n t. T h is  i s  s u g g e s te d  
by th e  r e s u l t s  o b ta in e d  by C u r r ie  (1978) i n  w hich  m acrophages 
c u l tu r e d  i n  v i t r o  r e l e a s e d  s u f f i c i e n t  a r g in a s e  enzyme to  I n h i b i t  th e  
g row th  o f  tum or c e l l s .
No e x p e r im e n ta l  e v id e n c e  i s  p r e s e n te d  h e re  w hich  w ould a llo w  a  
d i s t i n c t i o n  a t  t h i s  tim e  b e tw een  th e s e  p o s s i b i l i t i e s ,  a l th o u g h  
b o th  PG and s u r f a c e  membrane in d u c e d  s u p p re s s io n  w ere  more a c t i v e  i n  
low and m o d e ra te  re s p o n s e s  (Webb and N ow ow ie jsk i, 1977; P ta k  and G ershon , 
1 9 7 5 ), w hich  a t  l e a s t  q u a l i f i e s  them f o r  c o n s id e r a t io n  i n  th e  r e g u la ­
t i o n  o f  th e  r a b b i t  immune re s p o n s e .  The p o s s i b i l i t y  t h a t  th e  AD 
c e l l  s u p p re s s io n  i s  cau sed  by c o m p e tit io n  f o r  a n t ig e n  i s  n o t  l i k e l y  
s in c e  th e  dose  o f  SRBC's vised was o p tim a l and th e  re s p o n s e s  to  SRBC
g
c o n c e n tr a t io n s  above  o r  below  5 X 10 S R B C 's /c u ltu re  w ere  low ( s e e  
A p p en d ix ).
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APPENDIX
A. M a te r ia ls  and M ethods 
E x p e rim e n ta l A nim als
R a b b i ts . A nim als u sed  i n  t h e  s tu d ie s  w ere o u tb re d  New Z ea lan d  
W hite r a b b i t s ,  w e ig h in g  1 .2  to  2 .0  k ilo g ra m s  (8  to  12 w eeks o ld ) ,  
o b ta in e d  from  a  r e l a t i v e l y  c lo s e d  co lony  m a in ta in e d  in  t h i s  l a b o r a to r y .  
The r a b b i t s  w ere  h oused  i n  s t a i n l e s s  s t e e l  cage b an k s  a f t e r  w ean ing  a t  
S w eeks, fe d  P u r in a  o r  Red C ir c le  r a b b i t  p e l l e t s ,  and s u p p l ie d  w a te r  
ad  l i b i t i u m .
S h eep . Penned a d u l t  w e s te rn  sh eep  k e p t  a t  th e  V e te r in a ry  
S c ie n c e  f a c i l i t y  w ere u sed  a s  re d  b lo o d  c e l l  d o n o rs . Sheep b lo o d  
was c o l l e c t e d  b i-m o n th ly  from  th e  ju g u l e r  v e in  in t o  an e q u a l  volum e 
o f  A ls e v o r 's  s o lu t i o n  (C am pbell e t  a l . ,  1 9 6 3 ), a llo w e d  to  s t a b i l i z e  
f o r  3 to  4 days b e f o r e  u se  and k e p t a t  4°C f o r  up to  4 w eek s . The 
same l o t  o f  re d  c e l l s  was u sed  f o r  a l l  im m u n iza tio n  and  i n  v i t r o  
m a in p u la tio n s  f o r  each  in d iv id u a l  e x p e r im e n t,
G o a ts . G oats w hich had  been  im m unized w ith  r a b b i t  thym ocyte 
s u sp e n s io n s  w ere k e p t  a t  th e  V e te r in a ry  S c ie n c e  L iv e s to c k  f a c i l i t y .
The a n im a ls  w ere b le d  from  th e  j u g u l e r  v e in .  C lo t t in g  o f  th e  b lo o d  
was f a c i l i t a t e d  by in c u b a t in g  th e  c l o t t e d  b lo o d  a t  37°C i n  a  w a te r  
b a th  w ith  c o n s ta n t  a s p i r a t i o n  o f  ex c lu d e d  b lo o d  se ru m . The serum  was 
c l a r i f i e d  by c e n t r i f u g a t io n  a t  1 ,000  rpm a t  4°C f o r  10 m in u te s  i n  
a  model P R J - r e f r ig e r a t e d  I n t e r n a t i o n a l  c e n t r i f u g e  ( I n t e r n a t i o n a l  
Equipm ent C o ., Needham, M ass.) and f ro z e n  a t  -20°C  u n t i l  n e e d e d .
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A n tig e n s
Sheep re d  b lo o d  c e l l s  (SKBC). H e te ro lo g o u s  e r y th r o c y te  a n t ig e n  
was p re p a re d  f o r  Im m uniza tion  p ro c e d u re s  by m ix ing  2 to  3 ml o f  
th e  SR B C -A lsevor's s u sp e n s io n  w ith  10 to  15 ml o f  0 .1 5  M NaCl ( s a l i n e )  
i n  a  c o n ic a l  g ra d u a te d  c e n t r i f u g e  tu b e  and sed lm e n te d  a t  1 ,0 0 0  rpm 
f o r  10 m in u tes  a t  4°C. S u p e rn a ta n t  f l u i d  was a s p i r a t e d  and th e  r e d  
c e l l  p e l l e t  was re su sp e n d e d  i n  f r e s h  s a l i n e  and  w ashed in  10 to  15 
ml o f  s a l i n e  3 t im e s .  The SRBC se d im e n t was su sp e n d ed  to  th e  d e s i r e d  
c o n c e n t r a t io n  in  s a l i n e .
H a p te n -p ro te in  c a r r i e r  c o n ju g a te .  D ln i t r o p h e n o l  (DNP) was 
c o n ju g a te d  to  ovalbum in  (OVA), b o v in e  serum  a lbum in  (BSA) and b o v in e  
gamma g lo b u l in  (BGG) by  th e  m ethod o f  G isen  (1953) w hich  had b een  
p re p a re d  and k in d ly  s u p p l ie d  by  Yee Hon C hin (P h .D . d i s s e r t a t i o n ,
19 7 8 ). Two d i f f e r e n t  DNP-OVA p r e p a r a t io n s  w ere  u s e d , DNPg-OVA and 
DNPn-OVA, w here th e  s u b s c r i p t s  i n d i c a t e  th e  e s t im a te d  q u a n t i ty  o f  
h a p te n  m o lecu le s  c o n ju g a te d  p e r  m o lecu le  o f  p r o t e i n .  A liq u o ts  o f  each  
h a p te n  c a r r i e r  c o n ju g a te  w ere f i l t e r  s t e r i l i z e d  th ro u g h  a  M ille x  
M il l ip o r e  f i l t e r ,  p o re  s i z e  0 .2 2  yt ( M il l ip o r e  C o rp o ra tio n ,  New B ed fo rd , 
M a ss .) , and s to r e d  a t  -20°C  i n  one m i l l i l i t e r  volum es (1  ml p r o t e i n / m l ) .
P r e p a r a t io n  o f  G oat a n t i - R a b b i t  Thymocyte Serum (GARTS).
A m o d if ic a t io n  (P . L a n d ry , p e r s o n a l  com m unica tion) o f  th e  p ro c e d u re  
o f  F r a n d e l i z i  e t  a l .  (1973) w as u sed  to  p ro d u ce  th e  GARTS. G oat 
(#1) r e c e iv e d  an i n i t i a l  in t r a v e n o u s  i n j e c t i o n  o f  3 X 10^ f r e s h ly  
e x c is e d  and d i s s o c i a t e d  r a b b i t  th y m o cy te s , v i a  th e  j u g u l e r  v e in .
S even ty  days l a t e r  th e  an im a l was b o o s te d  w ith  3 X 10® r a b b i t  thym ocy tes
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a s  b e f o r e .  B lood was c o l l e c t e d  on days 77, 91 , 98 and 112 , and 
th e  . serum  was h a r v e s te d  from  th e  c l o t ,  and decom plem ented by h e a t in g  
to  56°C f o r  30 m in u te s .  T hese s e r a  w ere  p o o le d  and d e s ig n a te d  p o o l 
I I  GARTS and m a in ta in e d  a t  -20°C  u n t i l  u s e d . P r i o r  to  c y to to x ic  
a s sa y  th e  a n t is e ru m  w ere  ab so rb e d  th r e e  tim es  w ith  0 .1  volum es 
packed  r a b b i t  e r y th r o c y te s  f o r  15 m in u te s  a t  4°C. T h is  s e r a  was u sed  
as  w hole g o a t r a b b i t  thym ocyte serum  (WGARTS) and a l s o  was u sed  to  
io n  exchange ch rom atog raphy  to  c o l l e c t  th e  gamma g lo b u l in  f r a c t i o n s .
Io n  Exchange C hrom atography .
The f r a c t i o n a t i o n  o f  GARTS c o n ta in in g  a n ti- th y m o c y te  gamma 
g lo b u l in  (ATGG) was done by  s a l t i n g  o u t w ith  ammonium s u l f a t e  and 
e l u t i o n  from  a  DEAE c e l l u l o s e  colum n. A 50 ml sam ple o f  GARTS was 
m ixed w ith  s a t u r a t e d  ammonium s u l f a t e ,  added  d ro p w ise , u n t i l  a  40% 
s a l t  c o n c e n t r a t io n  was a c h ie v e d . F o llo w in g  4 h o u rs  o f  m ix ing  a t  4°C, 
th e  s u s p e n s io n  was c e n t r i f u g e d  a t  10 ,000  rpm f o r  20 m in u te s . The 
p e l l e t  was d is s o lv e d  i n  d i s t i l l e d  w a te r  to  one h a l f  th e  o r i g i n a l  volum e, 
and d ia ly z e d  i n  th e  c o ld  (4°C) a g a in s t  0 .0 0 8  M p h o sp h a te  b u f f e r ,  
pH 7 .6 ,  w h ich  was changed  e v e ry  12 h o u rs  o v e r  a  48 h o u r  p e r io d .
A te n  m i l l i l i t e r  sam p le  o f  th e  d ia ly z e d  f r a c t i o n  was a p p l ie d  to  
a  g la s s  column (23 X 400 mm) c o n ta in in g  D E A E -cellu lo se  (DE-23, Whatman) 
e q u i l i b r a t e d  w ith  0 .0 0 8  M p h o sp h a te  b u f f e r  pH 7 .6 .  The to p  o f  th e  column 
was f i l l e d  w ith  b u f f e r ,  a t ta c h e d  to  a  r e s e r v o i r  and e f f l u e n t  c o l l e c t e d  
in  5 ml v o lu m es . Each 5 ml f r a c t i o n  was exam ined a t  280 mp u s in g  a 
Beckman DB S p e c tro p h o to m e te r  to  d e t e c t  th e  p re s e n c e  o f  p r o t e i n .  F r a c t io n s  
th a t  showed an O.D. o f  0 .2  o r  g r e a t e r  w ere p o o le d  and c o n c e n tr a te d  to  
2 -3  ml i n  a  d i a l y s i s  bag im m ersed in  a q u a c id e  (C alb iochem , C a l i f . )  a t  4°C .
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P r o te in  d e te rm in a t io n s  w ere  made on th e  c o n c e n tr a te d  sam ple by 
u t i l i z i n g  a  m o d if ic a t io n  o f  th e  Lowry m ethod (W illiam s and C h ase ,
1971) and th e n  a d ju s te d  to  a  f i n a l  c o n c e n tr a t io n  o f  5 mg p r o te ln /m l .  
A p p ro p r ia te  am ounts o f  sodium  c h lo r id e  w ere added to  a c h ie v e  0 .1 5  H and 
th e  f r a c t i o n  was f i l t e r  s t e r i l i z e d  and s to r e d  in  ml a l i q u o t s  a t  
-20®C u n t i l  n e ed e d .
Im m unizing R a b b its  f o r  T is s u e  C u l tu r e .
In  some in s ta n c e s  p r i o r  to  h a r v e s t i n g  s p le e n  c e l l s  f o r  i n  v i t r o  
c u l tu r e  e x p e r im e n ts  th e  don o r r a b b i t  was p rim ed  w ith  th e  t e s t  a n t ig e n .  
R a b b its  w ere  i n j e c t e d  in t r a v e n o u s ly  w i th  one m i l l i l i t e r  o f  a  0.5% 
s u sp e n s io n  o f  SRBC (2 X 10® c e l l s )  f i v e  to  e i g h t  days p r i o r  to  
s a c r i f i c e .  R a b b its  p rim ed  w ith  DNP-OVA w ere  im m unized 21 days p r i o r  
to  s a c r i f i c e  w ith  3 mg DNP-OVA on 3 c o n s e c u t iv e  days by  in t r a v e n o u s  
i n j e c t i o n .
Thymectomy.
The p ro c e d u re  u sed  was e s s e n t i a l l y  t h a t  o f  A rno ld  (Ph.D . 
d i s s e r t a t i o n  1975) and p e rfo rm ed  on 6 to  8 week o ld  a n im a ls . The 
c h e s t  a r e a  was sh av ed  and c le a n e d . The an im a l was g iv e n  0 .2  to  
0 .4  ml o f  N em butal s o lu t i o n  (80 mg/ml) (A bbo tt L a b o r a to r ie s ,
C h icag o , 1 1 1 .) .  An in c i s i o n  was made to  th e  l e f t  o f  th e  s te rn u m  
th ro u g h  th e  m u sc le , and th e  f i r s t  and second  r i b s  w ere c u t a t  t h e i r  
s t e r n o c o s t a l  ju n c t io n s .  The p l e u r a l  c a v i ty  was exposed  by g e n t ly  
r e t r a c t i n g  th e  m uscle  l a y e r s  and th e  thymus was removed in  t o t o  
th ro u g h  th e  o p en in g  w ith  dog to o th e d  f o r c e p s .  The m u sc u la tu re  and 
r i b s  w ere c lo s e d  w ith  a  s in g l e  s u tu r e  l i n e  o f  0000 g u t s u tu r e  and th e  
derm is  was c lo s e d  w ith  0000 s i l k  s u t u r e .
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The r a b b i t s  w ere  i n j e c t e d  in t r a m u s c u la r ly  w ith  0 .4  ml C o m b lo tic . 
T h i r t y - f i v e  days l a t e r  th e y  w ere  u sed  a s  c e l l  d o n o rs  f o r  i n  v i t r o  
c u l t u r e .  A t th e  tim e o f  s p le e n  rem oval th e  th o r a c ic  a r e a  was exam ined 
f o r  any re m a in in g  thym ic f ra g m e n ts .
T is s u e  C u ltu re  Medium.
The c u l tu r e  m edia u sed  was e s s e n t i a l l y  t h a t  d e s c r ib e d  by M is h e ll  
and D u tto n  (1 9 6 7 ) . Powdered m in im al e s s e n t i a l  medium (MEM) w ith  
E a g le 's  s a l t s  w ith o u t sodium  b ic a rb o n a te  and a l l  n u t r i t i o n a l  su p p lem en ts  
w ere s u p p lie d  by Grand I s la n d  B io lo g ic a l  Company (G rand I s l e ,  N . J . ) .  
F e t a l  c a l f  serum  (FCS) ( I n t e r n a t i o n a l  B io lo g ic a l  Supply  and A n a ly t ic a l  
B io lo g ic a l  S ystem , I n c . )  was h e a t  i n a c t i v a t e d ,  and h a s  b een  v i r u s  and 
m ycoplasm a s c r e e n e d . R eagen t gen tam ycin  s u l f a t e  (S c h e r in g  C o rp .) 
and P e n ic i l l i n - G  (P a rk e -D a v is , D e t r o i t ,  M ich .) w ere  a l s o  u s e d .
The co m p le te  t i s s u e  c u l tu r e  medium c o n s is te d  o f  0 .9 5  gm MEM pow der, 
0 .2 2  gm NaHCO^ su p p lem en ted  w ith  1 .0  ml each  o f  th e  fo l lo w in g : 100X
MEM e s s e n t i a l  amino a c i d s ,  100X n o n - e s s e n t i a l  am ino a c i d s ,  100X MEM 
v i ta m in s ,  100X g lu ta m in e , 100 pM sodium  p y ru v a te  p e r  100 ml o f  medium.
I n  a d d i t io n  one m i l l i l i t e r  gentamycin (10 mg/ml) and 0 .1  ml p e n i c i l l i n - G  
s o lu t i o n  (10^ u n i t s /m l )  w ere  added .
F o r r o u t i n e  t i s s u e  c u l tu r e  o f  lym phoid  c e l l  p o p u la t io n s  and 
c e l l  s e p a r a t io n  te c h n iq u e s  th e  m edia was su p p lem en ted  w ith  10 ml 
f e t a l  c a l f  serum  (FCS) f o r  e v e ry  100 ml o f  medium and was d e s ig n a te d  
10% FCS-MEM.
In  th e  p ro c e d u re s  u s in g  m ito g en  s t im u la t io n  th e  m edia was 
su p p lem en ted  to  2% FCS as  p e r  th e  recom m endation o f  R ich and P ie r c e  
(1 9 7 3 ).
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A ll  m edia was s t e r i l i z e d  by p o s i t i v e  p r e s s u r e  f i l t r a t i o n  u s in g  th e  
600 ml c a p a c i ty  S ystem  I I  a p p a ra tu s  ( M il l ip o r e  C o rp .)*  and  s t e r i l i t y  
checks w ere  done b y  in o c u la t i o n  I n to  b r a in  h e a r t  in f u s io n  b r o th  o r  
n u t r i e n t  b r o th  (D ifc o ) o r  s im p le  in c u b a t io n  a t  37°C f o r  24 h o u r s ,  
b e f o r e  u s e .
Hanks b a la n c e d  s a l t  s o lu t i o n  (HBSS) was u se d  i n  a l l  th e  n o n s t e r l l e  
m a n ip u la t io n s  o f  lym phoid  c e l l s  su ch  a s  c y t o t o x i c i t y  o r  p la q u e  fo rm in g  
c e l l  a s s a y s .  I t s  c o m p o s itio n  and p r e p a r a t io n  h a s  b een  p r e v io u s ly  
d e s c r ib e d  (L and ry , 1 9 7 5 ).
G e n e ra l Lab T ech n iq u es  f o r  T is s u e  C u l tu r e .
B efo re  s e t t i n g  up t i s s u e  c u l t u r e ,  c e r t a i n  p r e c a u t io n s  w ere  ta k e n  
to  m in im ize  c o n ta m in a tio n  a s  a  r e s u l t  o f  .w orking i n  a  n o n - s t e r i l e  
en v iro n m e n t. F lo o r s  w ere  k e p t  c le a n  and w ere  w ashed down im m ed ia te ly  
p r i o r  to  u se  o f  th e  n e c ro p sy  room. A l l  t a b l e  to p s  and b en ch es  w ere  
sponged  w ith  70% e th a n o l .  F l a t  s u r f a c e s  i n  and a ro u n d  th e  t i s s u e  
c u l tu r e  hood (o b ta in e d  from  D r. R. A m borski) w ere  sponged w ith  70% 
e th a n o l .  A l l  s t e r i l i z e d  in s tru m e n ts  and g la s s w a re  n eed ed  f o r  t i s s u e  
c u l t u r e  w ere  p la c e d  u n d e r  th e  hood and th e  U.V. l i g h t  tu rn e d  on a t  
l e a s t  15 m in u te s  b e fo e  u s e .
T is s u e  c u l t u r e  g la s s w a re  was k e p t  s e g ra g a te d  from  g e n e r a l  la b o r a to r y  
g la s s w a re  t o  a v o id  ch e m ic a l c o n ta m in a tio n . A l l  g la s s w a re  was c le a n e d  
by co m p le te  im m ersion  in  a  1 t o  2% s o lu t i o n  o f  7X d e te r g e n t  (L in b ro  
S c i e n t i f i c ,  I n c . )  i n  d e io n iz e d  w a te r ,  i n  a  c o v e re d  s t a i n l e s s  s t e e l  
p a n , and  a u to d a v e d  f o r  10 m in u te s  a t  121°C , c o o le d  f o r  3 to  4 h o u r s ,  
r in s e d  i n  ru n n in g  ta p  w a te r  fo llo w e d  by r i n s e s  i n  d e io n iz e d  w a te r  
b e f o r e  b e in g  d r i e d .  C on tam in a ted  o r  s o i l e d  g la s sw a re  was r in s e d
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th o ro u g h ly  w ith  ta p  w a te ra n d  im m ersed i n  d e io n iz e d  w a te r  u n t i l  
p ro c e s s e d  th ro u g h  th e  w ash ing  p ro c e d u re  a s  o u t l in e d  ab o v e .
The w a te r  so u rc e  f o r  p r e p a r a t io n  o f  t i s s u e  c u l tu r e  m edia was 
d e io n iz e d  w a te r  (C o n tin e n ta l  d e io n iz e r )  w hich  was tw ic e  d i s t i l l e d  
i n  a  B e llc o  g la s s  d i s t i l l i n g  a p p a ra tu s .
L a te x  ru b b e r  g a s k e ts  and d i a l y s i s  membranes w hich  w ere  u t i l i z e d  
w ith  th e  M arbrook v e s s e l s  w ere  made by fo llo w in g  th e  p ro c e d u re  o f  S . 
S p e c to r  and H. Friedm an (p e rso n  co m m u n ica tio n ). L a te x  ru b b e r  tu b in g  
w ith  an in s id e  d im ension  o f  4 mm and o u te r  w a l l  th ic k n e s s  o f  3 mm 
was c u t  i n t o  0 .2 5  in c h  g a s k e ts  and b o i l e d  f i r s t  i n  1 N HC1 th e n  in  1 N 
Na OH f o r  30 m in u te s  e a c h , w ith  an in te r v e n in g  r i n s e  i n  d e io n iz e d  
w a te r .  The g a s k e ts  w ere  b o i l e d  f o r  10 to  15 m in u te  p e r io d s  i n  10 
s u c c e s s iv e  changes o f  d e io n iz e d  w a te r  b e fo re  u se  and th e y  w ere s to r e d  
in  w a te r  be tw een  e x p e r im e n ts .
D ia ly s i s  tu b in g  was trim m ed and c u t  i n t o  one in c h  s q u a re  membranes 
and th e n  so ak ed  i n  w a te r  b e fo re  f u r t h e r  t r e a tm e n t .  They w ere  p la c e d  
i n  a  s o lu t i o n  o f  8.4% NaHCO^, 0 .1  M e th y le n e d ia m in e te t r a a c e t lc  a c id  
s o lu t io n  and h e a te d  to  100°C f o r  30 m in u te s . N ext th ey  w ere  r in s e d  i n  
10 changes o f  b o i l i n g  d e io n iz e d  w a te r  f o r  10 m in u te s  e a c h , and s to r e d  
i n  w a te r  u n t i l  u s e d . Both g a s k e ts  and membranes w ere  b o i l e d  b r i e f l y  
b e fo re  b e in g  u s e d . The ru b b e r  g a s k e ts  w ere  re u s e d  and th e  membranes 
w ere  d is c a rd e d  a f t e r  one u s e .
T is s u e  C u ltu re  f o r  PFC R esponse .
A nim als w ere k i l l e d  by i n t r a c a r d i a l  i n j e c t i o n  o f  15 to  20 ml o f  
a i r .  The s k in  la y e r  c o v e r in g  th e  abdomen was c u t  away and th e  exposed  
p e rito n e u m  was r e t r a c t e d  to  ex pose  th e  i n t e r n a l  v i s c e r a .  The omentum
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Co w hich  th e  s p le e n  I s  a t ta c h e d  la y s  a lo n g  th e  p o s t e r i o r  c u rv e  o f  th e  
s to m ach . T h is  was l i f t e d  and  th e  s p le e n  c u t  f r e e  and th e n  trim m ed 
o f f a t  o r  m e s e n te r ic  t i s s u e .  The s p le e n  was t r a n s p o r te d  to  th e  t i s s u e  
c u l tu r e  room i n  a  s t e r i l e  p e t r i  d is h  c o n ta in in g  10 ml o f  m e d ia . I t  
was s e c t io n e d  and  p la c e d  on th e  to p  o f  a  s t a i n l e s s  s t e e l  s ie v e  
w ith  a  c o a r s e  w eave, h e ld  i n  a  s t e r i l e ,  s t a i n l e s s  s t e e l  c u p . The 
lym phoid  c e l l s  w ere  e x p re s s e d  f r e e  from  th e  s p l e n i c  c a p s u le ,  te a s e d  
a p a r t  w ith  cu rv ed  s u r g i c a l  fo rc e p s  and  r in s e d  th ro u g h  th e  s ie v e  
w ith  s t e r i l e  m e d ia . The c e l l s  p a s se d  th ro u g h  th e  c o a rs e  s ie v e  
o n to  and  th ro u g h  a n o th e r  s ie v e  c o n s i s t i n g  o f  f i r s t  a  c o a rs e  s u p p o r t  
g r id  and l a s t l y  a  s ie v e  i n s e r t  (Maximum p o re  s i z e  74 m ic r o n s ) . S in g le  
c e l l s  and s m a ll  c l u s t e r s  o f  c e l l s  p a s s e d  th ro u g h  and w ere  c o l l e c t e d  
in  a  250 ml b e a k e r ,  w hich  was d e c a n te d  i n t o  a  50 ml g ra d u a te d  c o n ic a l  
c e n t r i f u g e  c u p , th e n  s t a t i o n e d  i n  a  i c e  b u c k e t f o r  10 m in u ted  to  a llo w  
la r g e  clum ps to  s e t t l e .  The su sp e n d ed  c e l l s  w ere  a s p i r a t e d  i n t o  a  15 
ml g ra d u a te d  c o n ic a l  c e n t r i f u g e  and sed im e n te d  a t  1 ,0 0 0  rpm f o r  10 
m in u te s .  The volum e o f  th e  p ack ed  c e l l s  was n o te d  and a  10% c e l l  s u s ­
p e n s io n  was made i n  f r e s h  medium. A c e l l  co u n t was made u s in g  a  1 :1 0  
d i l u t i o n  o f  c e l l s ,  a  WBC p i p e t t e  and a  B r ig h t  l i n e  hem ocytom eter 
(Im proved N eubauer, A m erican O p t ic a l )  o r  a  C o u lte r  c o u n te r ,  Model A
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(C o u lte r  E l e c t r o n ic s )  and th e  c e l l s  w ere  a d ju s te d  to  10 n u c le a te d  c e l l s  
p e r  m l. V i a b i l i t y  d e te rm in a t io n s  w ere  done u s in g  T rypan b lu e  e x c lu s io n .  
S p le e n  c e l l  c u l tu r e s  w ere  s e t  up w ith  c e l l  s u sp e n s io n s  w hich  p o s s e s s e d  
a  v i a b i l i t y  o f  80% o r  g r e a t e r .
The c u l tu r e  sy s tem  u sed  to  d e t e c t  an  jln  v i t r o  PFC re s p o n s e  was 
done a s  fo l lo w s :  0 .1  ml (10^) n u c le a te d  s p le e n  c e l l s ,  and 0 .1  ml
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o f  a  t h r i c e  w ashed 0.5% s u sp e n s io n  o f  SRBC (10^ SRBC) o r  0 .1  ml s o lu t io n  
c o n ta in in g  1 .0  yg DNP-OVA. F re sh  m edia w as added to  g iv e  a f i n a l  
volum e o f  1 .0  m l. Two s t e r i l e  M arbrook v e s s e l s  (B -9000 , B io -R e se a rc h  
G la s s ,  I n c . ,  V in e la n d , N .J . )  w ere lo a d e d  w ith  10 ml o f  medium in  th e  
o u te r  r e s e r v o i r ,  and  0 .5  m l o f  th e  s p le e n  c e l l - a n t i g e n  s u s p e n s io n  i n  
th e  in n e r  w e l l .  The in n e r  w e l l  o f  each  M arbrook tu b e  h ad  b een  f i t t e d  
w ith  a  d i a l y s i s  membrane s t r e t c h e d  a c ro s s  th e  o p en in g  and  s e a le d  
t i g h t  w ith  a  l a t e x  ru b b e r  g a s k e t .  The f i n a l  c o n c e n tr a t io n  o f  s p le e n  
c e l l s  and SRBC's was 5 X 10** f o r  an o p tim a l i n  v i t r o  r e s p o n s e .
The f i n a l  c o n c e n tr a t io n  o f  DNP-OVA was 0 .5  yg p e r  v e s s e l .  The o u te r  
r e s e r v o i r s  had  b een  f i l l e d  w i th  medium u s in g  a  30 ml s y r in g e  and 18 
gauge n e e d le ,  and v e s s e l s  w ere exam ined f o r  le a k s  a c r o s s  th e  membrane. 
D u p lic a te  s p le e n  c e l l  c u l tu r e s  w hich  c o n ta in e d  no a n t ig e n  w ere  a l s o  
s e t  up to  d e te rm in e  th e  l e v e l  o f  back g ro u n d  PFC r e s p o n s e .  The c u l tu r e  
v e s s e l s  w ere  p la c e d  i n  an  11% X 14 X 12 in c h  p l e x ig la s s  box and g a sse d  
d a i ly  f o r  15 to  20 m in u te s  w ith  a  gas m ix tu re  c o n ta in in g  10% CO2 ,
7% O2 , and 83% N2 , to  m a in ta in  th e  p ro p e r  a tm o s p h e r ic  CO2  t e n s io n .
A l l  e x p e r im e n ta l  i n  v i t r o  p r o to c a l s  and  a s s a y s  f o r  PFC a c t i v i t y  
w ere done w ith  t h i s  sy s tem .
P la q u e  Form ing C e l l  (PFC) A ssay .
A n t i-h e te ro lo g o u s  e r y th r o c y te  PFC. A m o d if ic a t io n  o f  th e  l i q u i d  
m o n o lay er m ethod o f  Cunningham and S zenberg  (1968) was u sed  to  a s sa y  
f o r  th e  IgM a n tib o d y  p ro d u c in g  lym phoid  c e l l  ( d i r e c t  PFC a s s a y ) . C e l ls  
from  e i t h e r  th e  f r e s h ly  e x c is e d  s p le e n  o r  th o s e  from  d u p l i c a te  c u l tu r e s  
p o o le d  and c o l l e c t e d  on days 3 , 5 and 7 w ere  p u t  i n t o  c o n ic a l  c e n t r i f u g e  
tu b e s  and se d im en ted  a t  1 ,0 0 0  rpm f o r  10 m in u te s .  The s u p e r n a ta n t  f l u i d
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was a s p i r a t e d ,  1 ml o f  f r e s h  HBSS was ad d ed , th e  c e l l s  w ere  g e n t ly
re su sp e n d e d  and  c e n t r i f u g e d .  The c e l l  p e l l e t  was su sp en d ed  In  HBSS
and d i l u t e d  t o  v a r io u s  c e l l  c o n c e n t r a t i o n s .  From each  c e l l  s u s p e n s io n ,
a  0 .4  ml volum e was p i p e t t e d  i n t o  a  sm a ll g la s s  tu b e ,  w hich  n e x t
r e c e iv e d  0 .0 4  ml o f  w ashed SRBC's (5% ), and 0 .0 4  ml o f  a  1 :1 0  d i l u t i o n
o f  g u in e a  p ig  serum  a s  a  com plem ent s o u rc e  (o b ta in e d  from  ly o p h i l lz e d
b o t t l e s  o f  H yland o r  Texas B io lo g ic a l  g u in e a  p ig  com plem ent, r e h y d ra te d
a t  th e  B aton  Rouge G e n e ra l H o s p i ta l  and d o n a te d  t o  th e  l a b o r a t o r y ) .
The m ix tu re  ( s p le e n  c e l l s ,  a n t ig e n  and  com plem ent) was p ip e t t e d  I n to
th e  m o d if ie d  Cunningham cham ber, c o n s t r u c te d  w i th  two 1 In ch  by  3
In c h  g la s s  s l i d e s  i n  th e  fo llo w in g  m anner ( s e e  F ig u re  A - l ) . On one
s l i d e ,  3 s t r i p s  o f  p l a s t i c  w a te rp ro o f  ta p e  (1 -2  mm, S co tc h  B rand)
w ere p la c e d ,  one on e a c h  1 in c h  edge and one I n  th e  m id d le . V a s e lin e
was a p p l ie d  on th e  ta p e  and  a n o th e r  s l i d e  was p re s s e d  o n , fo rm ing
two cham bers. Each cham ber h ad  a  l i q u i d  c a p a c i ty  o f  a p p ro x im a te ly
0 .1 2  to  0 .1 4  m l. F our cham bers w ere  lo a d e d  w ith  th e  t e s t  m ix tu re
f o r  each  s p le e n  c e l l  d i l u t i o n .  Space l e f t  in  th e  cham ber a f t e r  th e
e n t i r e  c o n te n ts  o f  th e  tu b e  had  b een  d e l iv e r e d  was f i l l e d  w i th  a
b la n k  s o l u t i o n  w hich  c o n s i s te d  o f  1 ml HBSS, 0 .1  ml com plem ent. N ex t,
th e  s id e s  o f  th e  s l i d e  cham bers w ere  s e a le d  w ith  m e lte d  wax and s l i d e s
o
w ere  p la c e d  on a  t r a y  and in c u b a te d  f o r  45 to  60 m in u te s  a t  37 C. Each 
cham ber was th e n  exam ined w ith  a  s t e r e o  d i s s e c t i o n  sco p e  a t  13 X and  th e  
t o t a l  num ber o f  p la q u e  fo rm in g  c e l l s  w ere  co u n te d  I n  eac h  cham ber.
S in g le  PFC 's w ere  i d e n t i f i e d  a s  a  s in g l e  lym phoid  c e l l  o r  a  clump o f 
2 o r  m ore c e l l s  a ro u n d  w hich  th e  re d  c e l l  m ono layer h ad  b e e n  ly s e d .
The number o f  PFC 's p e r  c u l tu r e  (PFC/5 X 10^ n u c le a te d  s p le e n  c e l l s )
F ig u re  A - l .  P la q u e -fo rm in g  c e l l  a s s a y  (C unningham ). S chem atic
r e p r e s e n t a t io n  o f  th e  m ethod u sed  to  d e t e c t  PFC from  
s p le e n  c e l l s  o b ta in e d  from  th e  an im a l o r  from  t i s s u e  
c u l t u r e s .
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p l a q u e - F o r m in g  c e l l  As s a y  (Cunningham)
MARBROOK
SPLEEN CELL DILUTIONS 
DAYS 0 , 3 , 5  ft 7
0 .0 2  ml 7 .5 %  SRBCC 
0 .02  ml 1*10 G.P. C'
X . "N t —■
2 GLASS 
SLIDES
EDGES SEALED with WAX
I
I n c u b a t e  g o - g o  Min. 3 7 9 c  
C o u n t  P F C  und«r 1.3 x
In d ic a to r  S y s t e m
1. SRBC ALONE for ANTI-SRBC PFC RESPONSE
2 .  ONP-BSA COATEO SRBCfCrCI^) for ANTI-ONP 
PFC RESPONSE
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w ere c a l c u la te d  by m u l t ip ly in g  th e  r e c i p r o c a l  o f  th e  s p le e n  c e l l  
d i l u t i o n s  by th e  mean PFC num ber p e r  cham ber, and d iv id in g  by 2 , 
s in c e  th e  a ssa y  was done on p o o le d  d u p l i c a te  c u l t u r e s .
Anti-DNP s p e c i f i c  PFC. E s s e n t i a l l y  th e  same p ro c e d u re  was 
u sed  to  ennum erate  anti-D N P P F C 's , e x c e p t t h a t  th e  a s sa y  was done 
on two s e t s  o f  r e d  c e l l s :  DNP-BSA c o a te d  SRBC and c o n t r o l  SRBC's o r
BSA c o a te d  SRBC's. The c o n ju g a tio n  p ro c e d u re  u sed  was t h e  same as  
th a t  r e p o r te d  by Gold and F udenberg  (1 9 6 7 ) . One m i l l i l i t e r  o f  a  
DNP-BSA o r  BSA s o lu t i o n  (3 mg p r o te ln /m l)  was m ixed w ith  an  e q u a l 
volum e o f  a f r e s h  s o lu t i o n  o f  0.1% chromium c h lo r id e  (C rC l^) i n  
s a l i n e .  N e x t, an e q u a l  volum e ( 2 .0  m l) o f  t h r i c e  w ashed packed  SRBC's 
w hich  h ad  b een  w ashed i n  s a l i n e  r a t h e r  th a n  PBS s in c e  p h o sp h a te  
i n h i b i t s  th e  r e a c t io n ,  was added im m ed ia te ly  and  th e  re d  c e l l s  w ere  
th e n  w ashed two tim es  w ith  c o ld  s a l i n e  and th e n  once i n  HBSS.
PFC a s sa y s  w ere  done i n  th e  fo llo w in g  way: to  0 .4  ml o f  d i l u t e d  
s p le e n  c e l l s  w ere  added 0 .0 4  ml o f  DNP-BSA c o a te d  SRBC (5% s u sp e n s io n )  
and 0 .0 4  ml com plem ent. The c o n t r o l  s p le e n  c e l l s  w ere  s e t  up to  
d e t e c t  back g ro u n d  anti-SRBC P F C 's , and w ere  s e t  up i n  a  s i m i l a r  f a s h io n  
e x c e p t SRBC a lo n e  o r  B SA -coated SRBC w ere added  to  th e  s p le e n  c e l l  s u s ­
p e n s io n s  a lo n g  w ith  com plem ent.
DNP-BSA-SRBC su sp e n s io n  was added  to  4 cham bers and th e  BSA-SRBC 
o r  SRBC c o n t r o l  s u sp e n s io n s  w ere added to  2 cham bers. The PFC 's 
d e te rm in e d  in  th e s e  l a t t e r  cham bers was th e  th e  back g ro u n d  re s p o n se  
and th e  n e t  anti-D N P s p e c i f i c  PFC re sp o n se  was d e te rm in e d  by su b ­
t r a c t i n g  i t  from  th e  t o t a l  re sp o n se  a s  d e te rm in e d  by th e  num ber o f  
PFC 's i n  th e  fo rm er cham bers c o n ta in in g  h a p te n  c o a te d  e r y th r o c y te s .
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T rea tm e n t o f  S p le n ic  C e l ls  w ith  GARTS o r  ATGG.
I t  was Im p o r ta n t to  d e te rm in e  th e  e f f e c t  a n t i- th y m o c y te  a n tib o d y
had  on th e  Immune re sp o n se  and  th e  v a r io u s  e x p e r im e n ta l  sy stem s
7 ftd e s c r ib e d  In  t h i s  s tu d y .  N u c le a te d  c e l l s  (10 t o  10 ) i n  a  volume 
o f 0 .4  to  1 .0  ml w ere  In c u b a te d  w ith  an e q u a l volum e o f  th e  a p p r o p r ia te  
d i l u t i o n  o f  e i t h e r  GARTS o r  ATGG f o r  30 m in u te s  I n  a  37°C w a te r  b a t h .  
The GARTS o r  ATGG t r e a t e d  c e l l s  w ere  sed im e n te d  by c e n t r i f u g in g  a t
i  .
1 ,0 0 0  rpm f o r  10 m in u te s  and th e  s u p e r n a ta n t  f l u i d  was d e c a n te d . F re sh  
medium was added to  th e  c e l l s  to  th e  s t a r t i n g  volum e, and  an e q u a l  
volum e o f  no rm al r a b b i t  serum , d i l u t e d  1 : 2  i n  m ed ia , a s  com plement 
s o u rc e ,  was m ixed w ith  th e  t r e a t e d  c e l l s .  The m ix tu re  was in c u b a te d ,  
a s  b e f o r e ,  and fo llo w in g  c e n t r ig u a t lo n ,  f r e s h  medium was added  to  b r in g  
i t  to  th e  o r i g i n a l  volum e. C e l l  v i a b i l i t y  was d e te rm in e d  by try p a n  
b lu e  dye e x c lu s io n .
C y to to x ic i ty  o f  GARTS o r  ATGG.
The a s s a y s  w ere  done w ith  th e  m i c r o t i t e r  sy s tem  (C o las  de La 
Noue e t  a l . ,  1 9 7 2 ) . A s in g l e  c e l l  s u sp e n s io n  o f  thym ocy tes w ere  
h a rv e s te d  from  a  dono r and a d j u s t e d ,  i n  HBSS, to  a  c o n c e n tr a t io n  o f  
10? c e l l s  p e r  m i l l i l i t e r .  A n tibody  (ATGG o r  GARTS), i n  0 .0 2 5  ml 
volum es was d e l iv e r e d  to  th e  f i r s t  two w e l ls  i n  a  m i c r o t i t e r  p l a t e .
A 0 .0 2 5  ml d rop  o f  HBSS was added  to  th e  seco n d  w e l l  c o n ta in in g  
a n t ib o d y  and to  a l l  su b se q u e n t w e l l s  i n  t h a t  row . A m i c r o t i t e r  d l l u t e r  
was u se d  to  t r a n s f e r  0 .0 2 5  ml volum es and p ro d u ce  tw o fo ld  d i l u t i o n s  
th ro u g h  tw e lv e  w e l l s .  N ext a  0 .2 5  ml volum e o f  r a b b i t  thym ocytes
5
was added  to  eac h  w e ll  (a b o u t 2 X 10 c e l l s ) . The p l a t e  was th e n  
g e n t ly  ta p p ed  on th e  s id e  to  mix th e  s u s p e n s io n  and  i t  was co v e re d
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w ith  a n o th e r  p l a t e  and p la c e d  a t  4°C f o r  30 m in u te s  to  a l lo w  
a n tib o d y  a t ta c h m e n t.  A 0 .0 5  ml volum e o f  a  1 :2  d i l u t i o n  o f  no rm al 
r a b b i t  serum  (com plem ent so u rc e )  was added to  each  w e l l  and  th e  
p l a t e s  w ere in c u b a te d  a t  37°C f o r  2 h o u rs .
C o n tro ls  w ere  done w ith  th e  thym ocytes p lu s  e i t h e r  NRS and d i l u e n t ,  
a n t i s e r a  and d i l u e n t  a lo n e ,  and norm al g o a t serum  o r  IgG and  com plem ent 
a lo n e .
At th e  end o f  th e  37°C in c u b a t io n  p e r io d ,  two t h i r d s  o f  th e  f l u i d
in  each  w e l l  was rem oved. T rypan b lu e  (0 .0 5  ml) was added  to  th e
rem a in in g  f l u i d  i n  each  w e l l ,  th e  c o n te n ts  w ere m ixed and  d e l iv e r e d
to  a  B r ig h t l in e  hem ocytom eter and exam ined a f t e r  2  m in u te s  u n d er
h ig h  d ry  m a g n if ic a t io n  (400 X ) . A t l e a s t  two h u n d red  c e l l s  w ere
co u n ted  and th e  r a t i o  o f  l i v e  to  dead  c e l l s  r e c o rd e d .  The c y to to x ic
in d e x  was d e f in e d  a s  th e  d i l u t i o n  o f  a n t i s e r a  o r  ATGG (5 mg/ml s to c k )
w hich  k i l l e d  50% o f  r a b b i t  thym ocy tes a c c o rd in g  to  th e  fo rm u la
(C o la s  de La Noue e t  a l . ,  1 9 7 2 ):
DE -  DC Cl = c y to x ic  in d e x
CX = --------------- X 100 DE = dead  c e l l s  i n  e x p e r im e n ta l  w e l l
100 -  DC DC = dead  c e l l s  i n  c o n t r o l  w e l l ,
no rm al s e r a  o r  IgG p lu s  
com plem ent
C o n can a v a lln  A S t im u la t io n  o f  Lymphoid C e l ls  f o r  S u p p re s s iv e  S u p e rn a ta n t  
F lu id  (SSF) P ro d u c t io n .
A m o d if ic a t io n  o f  th e  m ethod em ployed by  R ich  and P ie r c e  (1974) 
f o r  th e  t r e a tm e n t  o f  mouse s p le e n  c e l l s  was u se d . S t e r i l e  serum  v i a l s  
(10 X 45 mm), c lo s e d  w ith  s t a i n l e s s  s t e e l  M orton caps w ere  u sed  a s  th e  
c u l t u r e  v e s s e l s .  Each v e s s e l  r e c e iv e d  1 .0  to  1 .5  ml o f  2% FCS-MEM 
and  5 X 10^ n u c le a te d  c e l l s  h a r v e s te d  u s u a l ly  from  th e  s p le e n .  A
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f r e s h  thaw ed a l i q u o t  o f  C o n can a v a lln  A (Con A) (M iles-Y eda LTD, 
K ankakee, 1 1 1 .)  (100 yg /m l) was d i l u t e d  and added in  v a r io u s  c o n -
g
c e n t r a t i o n s ,  how ever 10 yg p e r  5 X 10 s p le e n  c e l l s  was r o u t in e ly  
u se d . The c u l tu r e s  w ere  in c u b a te d  i n  a  10% CO  ̂ en v iro n m en t a t  
37°C f o r  24 h o u r s .
A t th e  end o f  th e  in c u b a t io n  p e r io d ,  th e  c e l l s  w ere re su sp e n d e d  
and th e n  c e n t r i f u g e d  a t  1 , 0 0 0  rpm f o r  1 0  m in u te s  and  c u l tu r e  s u p e r ­
n a t a n t  f l u i d  was c o l l e c t e d .  N e x t, two to  th r e e  m i l l i l i t e r s  o f  f r e s h  
medium, w i th o u t  Con A, was added  to  th e  c e l l s  w hich  w ere th e n  r e s u s ­
pended  and a llo w e d  to  s ta n d  f o r  15 to  30 m in u te s  a t  room te m p e ra tu re  
b e fo re  c e n t r i f u g a t i o n ,  in  an  a t te m p t to  e l u t e  e x t e r n a l l y  bound o r  
lo o s e ly  a t t a c h e d  Con A from  th e  c e l l s  and m in im ize  c a r ry  o v e r  o f  
Con A. The c e l l s  w ere  re su sp e n d e d  to  th e  o r i g i n a l  volum e in  f r e s h  
medium and added  b ack  to  th e  c u l tu r e  v e s s e l s  a f t e r  th e y  had  been  
r in s e d  w ith  f r e s h  medium.
The Con A s t im u la te d  c e l l s  w ere th e n  r e in c u b a te d  f o r  an  a d d i t i o n a l  
24 h o u rs  u n d e r  th e  same c u l tu r e  c o n d i t io n s .  C u ltu re  s u p e r n a ta n t  
f l u i d s  w ere  h a r v e s te d  from  th e s e  c e l l s  and from  c o n t r o l  c e l l s  w hich  
h ad  n o t  been  exposed  to  Con A a t  any t im e , and w ere  d is p e n s e d  in
0 .5  ml volum es to  s t e r i l e  sc rew  capped  serum  v i a l s  and  s to r e d  a t  -20°C .
D uring  th e  c o u rs e  o f  t h i s  s tu d y ,  i t  became a p p a re n t t h a t  th e  
above p ro c e d u re  was n o t a d e q u a te ly  c o n t r o l l e d  f o r  th e  rem oval o f  Con A. 
T h e re fo re ,  a l l  24 to  48 h o u r  c u l tu r e  s u p e r n a ta n t  f l u i d s  from  c e l l s  
w h ich  w ere  ex p o sed  t o  Con A, w ere  in c u b a te d  w ith  Sephadex G-50 M 
(P h arm ac ia  F in e  C h em ica ls , P is c a ta w a y , N .J . )  w hich  h as  b een  shown to  
e f f i c i e n t l y  b in d  th e  m ito g en  (A graw al and G o ld s te in ,  1 9 6 5 ). The
155
c u l tu r e  f l u i d s  w ere m ixed w ith  1  ml packed  volum e o f  th e  g e l  beads 
and a llo w ed  to  s ta n d  f o r  30 to  60 m in u te s  a t  room te m p e ra tu re ,  
c o l l e c t e d  and  m ixed w ith  a  seco n d  a l i q u o t  o f  Sephadex G -50. At 
th e  end o f  th e  seco n d  a b s o rp t io n  th e  c u l tu r e  f l u i d s  w ere  d i s t r i b u t e d  
and s to r e d .  As a  c o n t r o l  f b r  th e  a b s o rp t io n  p ro c e d u re , c o n t r o l  s u p e r ­
n a t a n t  f l u i d  h a r v e s te d  from  Con A s t im u la te d  c e l l s  w ere m ixed w ith  
10 yg Con A p r i o r  to  th e  a b s o r p t io n .  A t no tim e d id  c o n t r o l  s u p e r ­
n a ta n t  f l u i d s  show s u p p r e s s iv e  a c t i v i t y  In  th e  a ssa y  sy s te m s .
A ssay o f  S u p e m a te  F lu id s  f o r  A c t iv i ty  on th e  In  V i t r o  Immune R esp o n se .
A 1 :4  d i l u t i o n  o f  th e  s u p e r n a ta n t  f l u i d s  t o  b e  t e s t e d  was made on 
th e  day o f  a s s a y  in  1 .5  ml o f  10% FCS-MEM. One t e n th  m i l l i l i t e r  o f  
t h i s  d i l u t i o n  was added to  1 0 ^ s p le e n  c e l l s  and a n t ig e n  su sp en d ed  
i n  1 .0  m l. One h a l f  m i l l i l i t e r  o f  t h i s  m ix tu re  was t r a n s f e r r e d  to  th e  
in n e r  w e l l  o f  e ach  o f  two M arbrook v e s s e l s ,  w hich w ere  in c u b a te d  f o r  
5 days and th e n  a s s a y e d  f o r  PFC a c t i v i t y .
C o n tro l s u p e rn a te  f l u i d s  (CS) w ere  a s s a y e d  in  a d d i t io n  to  t e s t  
s u p e m a te  f l u i d s  from  Con A s t im u la te d  s p le e n  c e l l s  to  d e te rm in e  
i f  m e c h a n ic a l m a n ip u la t io n  d u r in g  th e  p r e p a r a t io n  o f  th e  f l u i d  
a f f e c t e d  th e  i n  v i t r o  PFC re s p o n s e .
The s u p p re s s iv e  e f f e c t  e x e r t e d  by s u p e m a te  f l u i d s  on th e  i n  v i t r o  
immune re sp o n s e  was c a l c u la te d  by  d iv id in g  th e  PFC re s p o n se  o f  s p le e n  
c e l l s  to  a n t ig e n  w hich  h ad  b een  c u l tu r e d  i n  th e  ab sen ce  o f  s u p e r ­
n a t a n t  f l u i d s ,  i n t o ,  th e  PFC re s p o n s e  o f  c e l l s  c u l tu r e d  w ith  s u p e r ­
n a t a n t  f l u i d s  and  m u l t ip ly in g  by 1 0 0 .
1S6
The S e p a ra t io n  o f  C e l l s  B ased on A dherence to  P l a s t i c .
The p ro c e d u re  d e s c r ib e d  by  M o sle r (1968) f o r  Che mouse sy stem  
was m o d if ie d  and  u se d  to  s e p a r a t e  r a b b i t  s p le e n  c e l l s ,  a c c o rd in g  
to  t h e i r  c a p a c i ty  to  a d h e re  to  p l a s t i c .  T h ree  to  te n  X 10^ s p le e n  
c e l l s  w ere  su sp e n d ed  i n  3 ml o f  10% FCS-MEM and  p o u red  o n to  th e  b o tto m  
o f  a  p l a s t i c  (60  X 15 mm) t i s s u e  c u l t u r e  p e t r i  p l a t e  (F a lc o n  P l a s t i c s ,  
D iv is io n  o f  B io Q u est, O xnard , C a l i f . ) .  The p l a t e s  w ere in c u b a te d  in  
a  10% CO2  a tm o sp h ere  f o r  two h o u r s .  A t th e  end o f  th e  in c u b a t io n  
p e r io d  th e  n o n a d h e re n t c e l l s  (NA) w ere  re su sp e n d e d  from  th e  b o tto m  o f  
th e  p l a t e  by f o r c in g  a  s tre a m  o f  medium o v e r  th e  s u r f a c e  w ith  a 
p a s te u r  p i p e t t e .  The re su sp e n d e d  NA c e l l s  w ere  t r a n s f e r r e d  to  a  15 
ml c o n ic a l  g ra d u a te d  screw  cap c e n t r i f u g e  tu b e .  Each p l a t e  
was r in s e d  w i th  two m i l l i l i t e r s  o f  f r e s h  medium w hich  was c o l l e c t e d  
and p o o le d  w i th  th e  NA c e l l s  p r e v io u s l y .h a r v e s te d .  N ext a  3 ml volum e 
o f medium was d e l iv e r e d  i n t o  th e  d is h  and th e  a d h e re n t  c e l l s  (AD) 
on th e  s u r f a c e  o f  th e  p l a t e  w ere s c ra p e d  o f f  w ith  a  s t e r i l e  ru b b e r  
p o lic e m a n , and  t r a n s f e r r e d  to  a  c e n t r i f u g e  tu b e .  T hese  c e l l s ,  
to g e th e r  w ith  a  2  ml wash c o n s t i t u t e d  th e  a d h e re n t  f r a c t i o n .
The c e l l  f r a c t i o n s  w ere  c e n t r i f u g e d  and re su sp e n d e d  i n  1 to  2 ml 
o f  medium and c e l l  c o u n ts  and c e l l  v i a b i l i t i e s  w ere  d one . Each was 
th e n  u se d  a c c o rd in g  to  th e  e x p e r im e n ta l  d e s ig n .
In  10 d i f f e r e n t  e x p e r im e n ts  th e  c e l l s  r e c o v e re d  as  th e  n o n a d h e re n t 
p o p u la t io n  w ere  63.6% o f  th e  t o t a l  a p p l ie d  and h ad  an a v e ra g e  v i a b i l i t y  
o f  89.5% . The a d h e re n t  c e l l  p o p u la t io n  c o n s t i t u t e d  7.7% o f  th e  t o t a l  
c e l l s  a p p l ie d  and w ere  found  to  83.2% v i a b l e .
B. P a ra m e te rs  o f  th e  C u ltu re  o f  R a b b it S p le e n  C e l l s  In  V i t r o .
In  o rd e r  to  s tu d y  th e  Immune re sp o n se  o f  r a b b i t  lym phoid  o rg an  
c e l l s ,  th e  c o n d i t io n s  f o r  o p tim a l re s p o n se  w ere c o n s id e re d .  T here 
w ere  fo u r  m a jo r c o n s id e r a t io n s :
1 . C hoice o f  serum  supp lem en t
2 . S p leen  c e l l  d e n s i ty
3. A n tig e n  c o n c e n tr a t io n
a .  SRBC
b . DNP-OVA f o r  an ti-D N P re s p o n se
4 . R esponse k i n e t i c s :  c h o ic e  o f th e  day to  a s sa y  f o r  maximum 
re sp o n se
The r e s u l t s  p r e s e n te d  i n  th e  fo llo w in g  f ig u r e s  and  t a b le s  
r e p r e s e n t  th e  d a ta  we u sed  to  d e te rm in e  th e  c o n d i t io n s  o p tim a l 
f o r  PFC re s p o n s e  u sed  in  th e  body o f  t h i s  r e p o r t .
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T ab le  A - l .  In  v i t r o  re s p o n s e  o f  r a b b i t  s p le e n  c e l l s  to  v a r io u s
SRBC c o n c e n t r a t io n s .  5 X 10^ s p le e n  c e l l s  from  n o rm a l, 
SRBC p rim ed , o r  SRBC p rim ed  a d u l t  thym ectom ized  
r a b b i t s  w ere  c u l tu r e d  w ith  v a ry in g  c o n c e n t r a t io n s  o f  
SRBC. The day 5 antl-SR B C  PFC p e r  c u l tu r e  was o b ta in e d  
from  p o o le d  d u p l i c a te  c u l tu r e  a t  eac h  t e s t  c o n d i t io n .
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(n V i t r o  R e s p o n s e  o f  R a b b i t  s p l e e n  C e l l s  t o  v a r i o u s  SRBC C o n c e n t r a t i o n s
A n t i  -  SRBC PFC PER C u l t u r e ON DAY 5
Ra b b it In Vivo 7 a
N a Priming io7 5 X 10 5 X 10 5X 10 5 X 10 0
13 * 4 8 0 1,136 860 394 •» 130
14 - 1,105 2,880 1,638 1,253 - 638
23 SRBC - 35,750 33,815 7,975 5,960 -
26 SRBC - 25,833 19,250 2,737 2,681 2,412
28 SRBC - 17,125 13,250 3,275 - 2,650
27*0*tb SRBC - 21,500 13,500 3,200 1,225 1,000
31 -e* SRBC - 61,000 38 £25 18,000 7,793 3,212
0 SRBC Added on Doy 0  
** Thymectomy 3 5  Ooye Eorlier
F ig u re  A -2. C om parison o f  FCS and NFS su p p lem en t on p rim ary
in  v i t r o  a n t i  SRBC r e s p o n s e . 5 X 10^ s p le e n  c e l l s
c u l tu r e d  w ith  o r  w ith o u t  5 X 10^ SRBC a n t ig e n  in  
medium su p p lem en ted  to  1 0 % w ith  f e t a l  c a l f  serum  
(FCS) o r  n o rm al a u to lo g o u s  r a b b i t  s e r a  (NRS). 
D u p lic a te  c u l tu r e  f o r  eac h  t e s t  and PFC a s s a y s  
done on days 3 , 4 , 5 .
• -----#10% FCS and  SRBC
o Ol0% FCS













•  10% FCS 4- SRBC 
O 10% FCS 
▲ 10% NRS + SRBC 
A  10% NRS
3 4 5
DAYS
Comparison of FCS and NRS supplement on primary 
"in vitro" anti-SRBC response
F ig u re  A -3 . E f f e c t  o f  s p le e n  c e l l  d e n s i ty  on p rim ary  i n  v i t r o
anti-SR B C  re s p o n s e  (non p r im e d ) . V a rio u s  c o n c e n tr a t io n s  
o f  s p le e n  c e l l s  we-re c u l tu r e d  i n  d u p l i c a te  w ith  
S X 10® SRBC and anti-SRBC PFC d e te rm in e d  on day 
0 , 3 , 4 , 5 , 7 .
A— A 2 .5  X 10® s p le e n  c e l l s  p e r  c u l t u r e  
»■ ■ m 5 X 10® s p le e n  c e l l s  p e r  c u l t u r e  
A— A 1 X 10? s p le e n  c e l l s  p e r  c u l tu r e  
o— o 2 X 10? s p le e n  c e l l s  p e r  c u l tu r e  
% _ _ + C e ll  v i a b i l i t y  o f  c u l tu r e s  o f  5 X 10® s p le e n  c e l l s  
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EFFECT OF SPLEEN CELL DENSITY ON PRIMARY " IN 
VITRO" ANTI-SRBC RESPONSE (NON-PRIMED).
Figure A' 4 to  A-8 . I n  v i t r o  an ti-D N P PFC re s p o n s e  o f  unprim ed  o r  
7 , 1 4 , 2 1 , o r  28 day DNP-OVA p rim ed  s p le e n s .  
R a b b its  w ere  im m unized w ith  3 .0  mg/ml DNP-OVA 
on 3 s u c c e s s iv e  days and  s p le e n s  w ere  removed 
and c u l tu r e d  w ith  0 ,  0 .0 5 ,  0 .5  o r  5 .0  pg 
DNP-OVA, 7 , 1 4 , 2 1 , o r  28 days a f t e r  p r im in g . 
PFC a s s a y s  w ere  done on each  t e s t  c o n d i t io n  
on days 0 , 3 , 5  and  7 o f  c u l t u r e  from  p o o le d  
d u p l i c a te  c u l t u r e s .
• - ^ - r a n t i  DNP-BSA:SRBC PFC 
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Day 0  PFC 33 t  (DNP) 
35 0  (SRBC)
1000
100-1
"in Vitro" anti-DNP Reeponse (21-day primed epicene)
DAYS
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"in Vitro" anti-DNP Rooponto (2 8 -day primod tploono)
OAYS
F ig u re  A -9. N et " in  v i t r o "  an ti-D N P s p le e n  c e l l  PFC re s p o n s e  from  
r a b b i t s  p rim ed  w ith  0 .5  pg DNP-OVA f o r  0 ,  7, 14 ,
21 and 28 d a y s . B ackground FF C 's w ere  s u b t r a c t e d  













•  N on-prim ed 







Net "In Vitro1* antl-DNP spleen cell PFC response 
from rabbits primed with 0 .5 jig  DNP-OVA for 
0 , 7, 14, 21 and 28  days.
C. Day 5 PFC R esponses o f  R a b b it S p le e n  C e l ls  to  SRBC o r  DNP-OVA 
I n  V i t r o .
The fo llo w in g  t a b le s  (A-2 to  A-4) sum m arize day 5 PFC re sp o n s e s  
o f  r a b b i t  s p le e n  c e l l s  to  SRBC o r  DNP-OVA in_ v i t r o . C u ltu re  
c o n d i t io n s  a re  th o s e  d e s c r ib e d  in  th e  M a te r ia l  and M ethods. The 
d a ta  r e p r e s e n t  th e  mean o f  a t  l e a s t  fo u r  PFC a s s a y s  on p o o le d  
d u p l i c a te  c u l tu r e s  w ith  th e  e x c e p tio n  o f  th e  day 0  d a t a .
The l e v e l  o f  th e  re s p o n s e s  v a r i e d  from  507 to  6863 anti-SRBC 
PFC from  norm al unprim ed s p le e n  c e l l s ;  17 ,125  to  147 ,500  anti-SRBC 
PFC from  s p le e n  c e l l s  from  5 to  8  day SRBC prim ed  r a b b i t s ;  815 to  
16 ,3 6 4  antl-D N P PFC from  DNP-OVA p rim ed  r a b b i t  s p le e n  c e l l s .  In  
a l l  e x p e rim e n ts  i n  w hich  i t  was a s s a y e d , a p p r e c ia b le  back g ro u n d  
re s p o n s e  o c c u r re d ,  i n d i c a t i n g  n o n s p e c i f i c  s t im u la t io n  o f  s p le e n  
c e l l s  o c c u r re d  d u r in g  c u l t u r e .  The e x p la n a t io n  f o r  t h i s  may b e  
one o f  s e v e r a l  p ro p o se d :
1 . FCS u sed  c o n ta in  m ito g en s  (M etzgar e t  a l . ,  1977 ; D u tto n ,
1 9 7 6 ).
2 .  FCS may c o n ta in  c ro s s  r e a c t in g  a n t ig e n s .
3 . S p le e n  c e l l s  may h av e  a c q u ire d  c ro s s  r e a c t in g  a n t ig e n  
w h ich  p e r s i s t  and a re  r e le a s e d  fo llo w in g  rem ova l and 
d i s s o c i a t i o n  te c h n iq u e s  ( S ta v i t s k y ,  1 9 7 4 ).
4 .  L oss o f  i n  s i t u  c o n t r o l  due to  d i s r u p t i o n  o f  s p l e n i c  i n t e g r i t y  




P rim ary  Immune R esponse o f  Normal S p leen  
C e l l s a  to  SRBC on Day 5
a n t i  SRBC P F C /c u l tu re c 
Day 5
R a b b it No. Day 0 +SRBCb -SRBC
6 nd 1 ,6 3 8 nd
7 nd 6 ,8 6 3 nd
13 2 2 1 , 0 0 0 130
14 18 2 ,2 8 8 638
9 6 575 145
1 1 7 1 ,1 6 0 185
1 2 nd 2 ,0 0 3 93
15 nd 530 51
15 a nd 5 ,625 767
17 nd 2 ,3 3 8 517
19 nd 699 208
40 nd 776 1 1 0
42 nd 875 150
2 8 .5 551 453
3 9 .0 770 183
4 1 0 . 0 1 , 1 0 0 303
A nd 507 273
a 5 X 106  s p le e n  c e l l s  p e r  c u l tu r e
b 5 X 10 6  SRBC added  day 0
cMean PFC p e r  p o o le d  d u p l i c a te  c u l tu r e s
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Table A-3
Secondary  Hum oral R esponse o f  SRBC 
Prim ed R a b b it S p le e n  C e l l s 3  to  SRBC on Day 5
a n t i  SRBC PFC/
2° R esponse R a b b it Day 0





33 n d d 42 ,812 1 ,092
381 9 ,1 7 0 35 ,802 962
342 6 ,9 3 8 6 9 ,6 0 0 3 ,804
382 4 ,5 0 5 36 ,250 3 ,962
59 5 ,5 5 0 42 ,7 5 0 nd
23 9 ,6 2 5 35 ,750 nd
1 294 26 ,1 2 5 nd
26 1,759 2 5 ,8 3 3 2 ,412
28 1 ,625 17 ,125 2 ,650
34 4 ,1 1 8 61 ,187 __*
48 4 ,869 9 4 ,0 0 0 2 ,1 1 7
37 9 ,6 0 0 49 ,5 0 0 1 ,6 1 6
2 1 3 ,4 1 7 147 ,500 6 ,250
43 2 ,6 7 5 117 ,125 6 ,6 2 5
2° R esponse
a d u l t  0 +e 27 2 ,3 0 0 4 1 ,3 0 0 392
31 3 ,1 8 3 30 ,875 380
58 1 ,9 1 5 22 ,625 442
27B 13,226 21 ,500 1 , 0 0 0
31B 4 ,7 6 0 61 ,000 3 ,212
a 5XlO® s p le e n  c e l l s  p e r  c u l tu r e  
b 5X106  SRBC p e r  c u l tu r e  
cMean PFC p e r  p o o le d  d u p l i c a te  c u l tu r e s  
^ n d -n o t done
e S p leen  c e l l s  from  an im a ls  thym ectom ized  35 days p r e v io u s ly  a t  
6  to  8  w eeks o f  age
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Ta b l e  A - 4
DAY 5 IN VITRO PFC RESPONSE TO OPTIMAL 
DOSES OF DNP-OVA <0.5m/CULTURE)
Me a n ANTI* DNP P F C  /  CULTURE
Ra b b it
No. DAY 0
DAY 5
Test  (Ag) ControlCNoAg
30 - 2 6 5 0 0 292
50 5 2 5 0 0 170
56 -3 13041 -
57 1 0 16,364 -
79 0 815 -
76 0 846 -
386 7 899 1 0 0
383 0 560 159
31 3 990 30
24 33 932 -
13 4-1 152 3105
D. R equ irem en t f o r  C a r r i e r  P rim ed C e l ls  f o r  th e  Jhi V i t r o  Immune 
R esponse to  a  H ap ten -C o n ju g a te d  to  T h a t C a r r i e r .
R esponses m easured  when prim ed  s p le e n  c e l l s  w ere c u l tu r e d  
w ith  DNP-OVA m easured  th e  anti-D N P s p e c i f i c  PFC. I t  was u s e f u l  to  
know i f  t h i s  re sp o n se  r e q u ir e d  th e  a c t i v e  p a r t i c i p a t i o n  o f  th e  
c a r r i e r  in  th e  in d u c t io n  o f  a n tib o d y  to  th e  h a p te n .
Group 3 r a b b i t s  w ere  im m unized w ith  e i t h e r  DNP-OVA, OVA, o r  
DNP-BGG. S p lee n  c e l l s  w ere o b ta in e d  21 days a f t e r  p r im in g  and 
c u l tu r e d  w ith  DNP-OVA (0 .5  y g /c u l tu r e )  o r  DNP-BGG ( 0 .5  y g /c u l tu r e )  
f o r  5 d ay s .
R e s u l ts  a r e  p r e s e n te d  in  th e  fo llo w in g  T ab le  A -5. They i n d i c a t e  
t h a t  s p le e n  c e l l s  from  e i t h e r  DNP-OVA prim ed  o r  OVA p rim ed  r a b b i t s  
w ere c a p a b le  o f  p ro d u c in g  anti-D N P PFC i n  c u l tu r e  in  re sp o n se  to  
added DNP-OVA. However, an im a ls  p rim ed  w ith  DNP-BGG in  c u l t u r e  f a i l e d  





E f f e c t  o f  H apten  o r  C a r r i e r  P rim in g  A n tig en s
on th e  In  V itro  R esponse o f  S p leen  C e l l s  to  DNP-OVA
P rim in g  A n tig en R a b b it if Day 5 x P F C /c u ltu re *5
OVAa /DNP-OVA 385 1072-296
35 1490-297
90 1725-500
a v e ra g e  n e t DNP PFC 1065
DNP-BGGa /DNP-OVA 91 490-371
95 500-313
96 680-530
a v e ra g e  n e t DNP PFC 152
DNP-BGGa /DNP-BGG 95 2010-512
96 2100-571
a v e ra g e  n e t DNP PFC 1513 .5
A n tig en  u sed  to  p rim ed  r a b b i t / a n t i g e n  added to  in  v i t r o  
a n t i  DNP-BSA: SRBC PFC -  a n t i  BSA: SRBC PFC
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